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This Final Programmatic Environmental Impact Statement (FPEIS) has been prepared by the
National Aeronautics and Space Administration (NASA) in cooperation with the U.S.
Department of Energy (DOE) in accordance with the National Environmental Policy Act of
1969, as amended (NEPA), to assist the decision-making process for the development and
qualification for flight of advanced Radioisotope Power Systems (RPSs). This FPEIS addresses
the potential environmental impacts associated with continuing the preparations for and
implementing the Proposed Action, NASA’s Preferred Alternative, and the No Action
Alternative. The proposed long-lived, reliable, advanced RPS designs would enable a broad
range of long-term space exploration missions and would be able to function in the environments
encountered in space and on the surfaces of planets, moons, and other solar system bodies that
have an atmosphere.

NASA would develop two new types of advanced RPSs; the Multi-Mission Radioisotope
Thermoelectric Generator (MMRTG) and the Stirling Radioisotope Generator (SRG). The
MMRTG would build upon the space-flight proven passive thermoelectric technology used in
the System for Nuclear Auxiliary Power-19 (SNAP-19) Radioisotope Thermoelectric Generator
(RTG). The SRG would utilize a free-piston mechanism based on the Stirling thermodynamic
cycle to convert heat to electricity. Both advanced RPS designs would use an enhanced version
of DOE’s General Purpose Heat Source (GPHS) modules, which are fueled with plutonium
dioxide (consisting mostly of plutonium-238), as a heat source. NASA would also continue
research and development activities focused on alternative radioisotope power systems and
power converter technologies to meet future mission needs.
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EXECUTIVE SUMMARY

This Final Programmatic Environmental Impact Statement (FPEIS) for the Development of
Advanced Radioisotope Power Systems (RPSs) has been prepared by the National Aeronautics
and Space Administration (NASA) to assist in the decision-making process as required by the
National Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C. 4321 et seq.);
Council on Environmental Quality Regulations for Implementing the Procedural Provisions of
NEPA (40 CFR parts 1500—1508); and NASA policies and procedures at 14 CFR subpart
1216.3.

The Proposed Action, NASA’s Preferred Alternative, consists of two parts: (1) NASA, in
cooperation with the U.S. Department of Energy (DOE), proposes to develop in the near-term
and qualify for flight two advanced RPSs, the Multi-Mission Radioisotope Thermoelectric
Generator (MMRTG) and the Stirling Radioisotope Generator (SRG); and (2) in a parallel effort,
NASA is funding related long-term research and development (R&D) of alternative radioisotope
power systems and power converter technologies.

The MMRTG and the SRG would be able to satisfy a broader range of future space exploration
missions than are currently possible with existing radioisotope power technologies (e.g., the
General Purpose Heat Source (GPHS) Radioisotope Thermoelectric Generator (RTG)). The
advanced RPSs would be capable of providing long-term, reliable electrical power to spacecraft
and function in the environments encountered in space and on the surfaces of planets, moons,
and other solar system bodies that have an atmosphere (e.g., Mars, Venus, Pluto, and two of the
moons of Saturn (Titan and Enceladus)). In the follow-on chapters of this FPEIS, planets,
moons, and other solar system bodies are collectively referred to as solar system bodies. The
RTGs used on NASA's Galileo, Ulysses, Cassini, and the New Horizons missions employ the
GPHS module developed by DOE, fueled by plutonium dioxide (consisting mostly of plutonium-
238), as a heat source. The advanced RPS designs would generate power from the heat given off
by an enhanced version of the GPHS module. It should be noted that Part (2) of the above
proposal, the R&D efforts for alternative radioisotope power systems and power converter
technologies, are on-going NASA activities and are addressed under both the Proposed Action
and the No Action Alternative as these efforts will continue independent of the decision to be
made in this PEIS. Such efforts are included to provide a full picture of future NASA RPS
activities.

NASA plans to address the environmental impacts of the actions addressed in this FPEIS through
a tiered NEPA process and based on existing and in-process DOE NEPA documentation for
RPS-related activities. Chapter 2 of this FPEIS evaluates the alternatives considered to achieve
these goals. Additional environmental documentation would be developed for the potential
integrated system development (i.e., full system development requiring the integration of the
RPS converter with a radioisotope fuel source) and production of any new generation of space-
qualified RPSs that result from long-term R&D activities as well as for the actual use of an RPS
on a mission.

DOE is the sole cooperating agency in the preparation of this FPEIS.



PURPOSE AND NEED FOR ACTION

The purpose of the action addressed in this FPEIS is to develop and qualify for flight the
MMRTG and the SRG to provide modular power systems for use in the environments
encountered in space and on the surfaces of solar system bodies that have an atmosphere. NASA
is also pursuing longer-term R&D activities directed at alternative RPSs and improvements in
power converter technologies for future NASA missions, including improvements that could:
further increase power conversion efficiency (thereby reducing the quantity of plutonium-238
required per unit power); reduce mass; increase specific power (power per unit mass); increase
reliability, lifetime, and operability; enhance the ability to operate in harsh environments;
improve multi-mission capability; and increase mission power system flexibility.

These advanced technologies, beyond the MMRTG and the SRG, may not be ready for use in
space for several years. The development and production of fueled units (converters integrated
with the plutonium dioxide heat source) and the use of these technologies on potential future
missions would be the subject of separate NASA NEPA documentation.

NASA'’s future scientific exploration of the solar system is planned to include missions
throughout the solar system and to the surfaces of solar system bodies. To accomplish these
missions, NASA has identified a need for a variety of long-lived, reliable electric power sources
that would both be capable of functioning in space as well as on the surface of solar system
bodies that have an atmosphere. Current non-nuclear energy production and storage
technologies available to NASA, such as batteries, solar arrays, and fuel cells are unable to
deliver the reliable electric power needed for some types of missions (e.g., a long lived mission
to orbit an outer planet). In addition, the existing GPHS-RTG used on previous orbital missions
has limited applicability on solar system bodies that have an atmosphere. The performance of
the GPHS-RTG, which is designed to operate un-sealed in space vacuum, degrades in most
atmospheres and does not provide the long-term operating capabilities desired for surface
missions. In addition, the GPHS-RTG provides power in the range of 250 to 300 watts of
electricity (W.). NASA envisions the need for lower levels of electric power (approximately 100
W.), and physically smaller power systems, enabling NASA to more efficiently fly smaller
missions that require less power than that provided by the GPHS-RTG. The advanced RPS
designs are considered modular units thus one or more of these devices could be fitted to a
spacecraft for a mission requiring higher levels of electric power.

The advanced RPSs (and ultimately the power supplies resulting from the power converter
technology research) would enable solar system exploration missions with substantial longevity,
flexibility, and greater scientific exploration capability. The fundamental goal of these missions
is to understand how our solar system became, and planetary systems in general became,
habitable — and how they maintain their ability to nurture life. The goal will be achieved by
answering two fundamental questions. The first is related to habitability in planetary
environments, “How have specific planetary environments evolved with time, when and in what
way were they habitable, and does life exist there now?” The second is associated with the
planetary system architecture, “What determines the arrangement of planetary systems, what
roles do the position and masses of giant planets play in the formation of habitable planets and
moons?” Some possible missions would include:
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e Comprehensive and detailed planetary investigations creating comparative data sets of the
outer planets - Jupiter, Saturn, Uranus, Neptune and Pluto and their moons. NASA has
identified three missions to Europa, Titan, and Triton, which are moons of Jupiter, Saturn,
and Neptune, respectively, to address habitability in planetary environments and planetary
architecture. An advanced RPS could be enabling for these missions due to a combination of
factors, which include their large distance from the Sun, long mission duration, and, in the
case of Europa, a high radiation environment.

e Exploration of Venus to answer the questions of habitability from the point of view of
planetary architecture (How wide is the long-term habitable zone?) and habitable worlds (By
what process did Venus lose its early habitability?). A long duration mission in the high
temperature and high pressure Venus environment would require an advanced RPS.

e Comprehensive exploration of the surfaces and interiors of comets, possibly including
samples returned to Earth to better understand the building blocks of our solar system and
ingredients contributing to the origin of life.

e Expanded capabilities for surface and on-orbit exploration, and potential sample return
missions to Mars and other planetary bodies to greatly improve our understanding of
planetary processes, particularly those affecting the potential for life.

ALTERNATIVES EVALUATED
This FPEIS for the advanced RPSs evaluates the following alternatives:
Proposed Action (NASA’s Preferred Alternative)

NASA, in cooperation with DOE, would develop and qualify for flight the MMRTG and the
SRG. The MMRTG would build upon the spaceflight-proven passive thermoelectric power
conversion technology used in the System for Nuclear Auxiliary Power-19 (SNAP-19) and
would incorporate improvements to allow extended operation on the surface of solar system
bodies where an atmosphere is present. For the SRG, NASA would develop a new dynamic
power conversion system, a Stirling engine, that would more efficiently (than either the
MMRTG or the GPHS-RTG) convert the heat from the decay of plutonium into electrical power,
and therefore use less plutonium to generate comparable amounts of electrical power. The
MMRTG and the SRG would provide about 100 W, and would be able to function in the
environments encountered in space and on the surface of solar system bodies that have an
atmosphere. Differences in MMRTG and SRG mechanical and thermal interfaces would allow a
broad range of mission specific spacecraft designs.

NASA’s longer-term R&D focuses on alternative radioisotope power systems and improvements
in power converter technologies, including technologies that could improve future MMRTG and
SRG designs. Included in the alternative radioisotope power systems research are R&D
activities for small RPSs that use the GPHS or the radioisotope heater unit (RHU) as a heat
source. Development of power conversion technologies has applicability to both nuclear and
non-nuclear systems. In addition, NASA would evaluate nuclear and non-nuclear power
conversion systems developed independently by other organizations for their viability in space-
based applications.
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It is anticipated that development and test activities involving the use of radioisotopes would be
performed under DOE oversight at existing DOE sites that routinely perform similar activities.
DOE currently imports from Russia plutonium dioxide needed to support NASA activities and is
currently considering the reestablishing of domestic plutonium dioxide production. Radioisotope
fuel processing and fabrication would likely occur at existing facilities at Los Alamos National
Laboratory (LANL) in Los Alamos, New Mexico, which are currently used for the fabrication of
the fuel for the GPHS modules. The advanced RPS assembly and testing would likely be
performed at Idaho National Laboratory (INL), west of Idaho Falls, Idaho where RPSs are
currently assembled and tested. Any required additional safety testing of an advanced RPS could
be performed at one or more of several existing facilities; including DOE facilities such as
LANL and (using fuel simulant) Sandia National Laboratory (SNL) in Albuquerque, New
Mexico, or (using fuel simulant) U.S. Army facilities at Aberdeen Proving Ground (APG) in
Aberdeen, Maryland.

Activities not requiring the use of radioisotopes and associated with the development, testing,
and verification of the MMRTG and SRG power conversion systems could be performed at
several existing facilities including NASA facilities (such as the Glenn Research Center (GRC)
at Lewis Field, Cleveland, Ohio and the Jet Propulsion Laboratory (JPL), Pasadena, California);
and at several commercial facilities (Pratt & Whitney Rocketdyne, Canoga Park, California;
Teledyne Energy Systems, Hunt Valley, Maryland; and Lockheed Martin Space Systems
Company, Denver, Colorado, and King of Prussia, Pennsylvania).

No Action Alternative

Under the No Action Alternative, NASA would discontinue efforts for the development of the
MMRTG and the SRG. NASA would continue to consider the use of currently available RPSs,
such as the GPHS-RTG, for future exploration missions. However, DOE’s GPHS-RTG
production line is no longer operative, including the Silicon/Germanium (SiGe) thermocouple
manufacturing operations. It may be possible to construct a limited number (one, two, or
possibly three) of GPHS-RTGs from existing parts inventories, but longer term reliance on this
technology would require the reactivation of these production capabilities, including re-
establishing vendors for GPHS-RTG components, which could involve a substantial financial
investment. In the follow-on chapters of this FPEIS, reference to reactivating the GPHS-RTG
production line is inclusive of reactivating the Si/Ge manufacturing operations and re-
establishing the supply vendors.

NASA will continue to pursue the R&D of alternative radioisotope power systems and power
converter technologies as described for the Proposed Action. However in the near term, as a
result of discontinuing further R&D of the MMRTG and SRG, NASA would not develop an RPS
in the 100 W, class, nor one that is compatible with operating on solar system bodies where an
atmosphere is present. Discontinuing long-term R&D efforts for this class of RPS, in particular
the SRG, would end an effort that could lead to a significant reduction in plutonium fuel usage.
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ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION AND THE NO ACTION
ALTERNATIVE

Proposed Action (NASA’S Preferred Alternative)

The principal near and mid-term activities associated with the Proposed Action and potential
environmental impacts include:

Development of 100 W, capable MMRTG and SRG units and demonstration of performance in
flight qualified, fueled systems.

Demonstration of power conversion technology through full power testing using non-
radioactive heat sources. These types of activities have been conducted for the GPHS-
RTGs used for the Galileo, Ulysses, Cassini, and New Horizons missions, and the
activities and environmental impacts are well understood. These operations are small-
scale laboratory activities that do not, with the exception of qualification of fueled units,
involve radiological materials. Only small quantities of hazardous materials might be
involved. The potential for impacts on worker health, public health, and the environment
is small.

Plutonium-Fueled Clad Production at LANL, including transportation of plutonium
dioxide to LANL; producing fueled clads for RPSs; and disposal of plutonium
contaminated waste. Production of plutonium fuel at LANL, including receiving
shipments of plutonium dioxide, conversion into pellets, and encapsulation has been an
ongoing activity for more than a decade. The fueled clads needed for the MMRTG and
SRG would be identical to those most recently prepared for the GPHS-RTG for NASA’s
New Horizons mission and any that could be prepared for other NASA missions under
the No Action Alternative. The potential impacts of these LANL operations have been
well characterized in previous DOE NEPA documents. Under both normal operations
and accidents, the plutonium dioxide would be confined within the building such that the
amount that could be released through the building filtration system would be negligible,
with no anticipated health impacts.

Ongoing RTG Operations at INL, including fueling the GPHS module with fueled clads and
integrating the fueled GPHS modules with the advanced converters, and qualification and
acceptance testing. The worker and public health impacts, and other environmental impacts
of assembly of the GPHS modules (from loading the fueled clads) and mating the GPHS
modules with the converter assembly at INL have been well characterized in previously
prepared DOE NEPA documents. In the fueled clads received from LANL, the plutonium
dioxide is encapsulated and none of the operations at INL would threaten the integrity of the
clads. These operations would be similar to past RTG assembly and test operations at INL
and at the DOE Mound facility. The action addressed in this FPEIS would fall within the
normal realm of operations at both INL and LANL and would not exacerbate the existing
environmental baseline.

Advanced RPS Testing Activities, including impact testing of RPSs with low activity level
simulants instead of plutonium fuel.

The impacts of past testing activities associated with the GPHS-RTGs have been well
documented in previously prepared DOE NEPA documents. These safety impact tests
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typically used non-plutonium materials including depleted uranium to simulate the
damage that might be done to the fuel under accident conditions. Future tests, if needed,
would likely be similar to past tests using non-plutonium materials and would present
negligible threats to workers and public (resulting in no expected health impacts) and the
environment.

Currently, DOE is considering plans to consolidate operations at its INL facility for the domestic
production of plutonium; the NEPA process for this action is on-going (DOE 2005a). Three
alternatives are being evaluated by DOE for this purpose: the Consolidation Alternative
(consolidate all RPS activities at INL); the Consolidation with Bridge Alternative (interim use of
existing facilities until new INL facilities are completed); and the No Action Alternative
(maintain status quo). NASA holds no stake in the decision ultimately taken by DOE related to
its long-term production of plutonium-238. NASA’s Proposed Action in this FPEIS is
independent of the Draft Environmental Impact Statement for the Proposed Consolidation of
Nuclear Operations Related to the Production of Radioisotope Power Systems (DOE 2005a)
alternative selected by the DOE.

Over the longer term, if NASA’s proposed RPS development activities are successful, then the
following activities would be reasonably anticipated:

e MMRTG and SRG flight unit production and launch-area preparations, including final
preparations at the Launch Area Facility; launch of MMRTG and SRG units; and post-launch
operation of spacecraft using RPS.

e Full system development of alternative radioisotope power systems, including the integration
of RPS converters with radioisotope fuel sources, potentially utilizing advanced power
conversion technologies

Each of these potential follow-on activities has the potential for environmental impacts that
could be of concern. In some cases, such as MMRTG and SRG unit launch or on-orbit activities,
the principal concern is the potential for accidents resulting in the release of radiological
material. These potential follow-on activities are beyond the scope of this FPEIS and would be
addressed in future NASA NEPA documentation. This FPEIS does, however, discuss each of
these types of potential follow-on activities to the extent practicable at this time.

NASA’s on-going long-term R&D activities for alternative power systems and advanced power
conversion technologies are small-scale, laboratory activities, performed in accordance with
applicable environmental regulations. No radioisotopes are involved and only small quantities of
hazardous materials might be involved. The potential for impacts on worker health, public
health, and the environment from these R&D activities is small.

No Action Alternative

Under the No Action Alternative, the production of GPHS-RTGs would still continue to support
future NASA missions (although these would not include 1) long-term missions in planetary
atmospheres, or 2) missions designed for a power level of approximately 100W.). However, the
GPHS-RTG production line would have to be reactivated. Reestablishing this capability would
not have an affect on on-going DOE operations. However, an environmental review may be
needed. Impacts to plutonium workers and potential impacts to the public health and the
environment at LANL would be consistent with those associated with the Proposed Action.



Worker and public health impacts at LANL would not pose substantial threats. Production of
plutonium fuel at LANL and assembly of GPHS modules and RTGs would continue at INL.

As with LANL, impacts to workers and the postulated impacts to the public and the environment
at INL would be consistent with those associated with the Proposed Action. Depending on
NASA requirements, some missions may not be possible without RPSs that function effectively
in planetary atmospheres. Potential impacts of NASA’s on-going R&D activities will be as
described for the Proposed Action.

The ultimate level of plutonium production and use, and consequently the environmental
impacts, under the No Action Alternative or the Proposed Action would be dependent upon the
number of missions that ultimately select a GPHS-RTG or an advanced RPS as a power supply.
DOE’s production of plutonium and RPSs for purposes other than for NASA will continue
irrespective of NASA’s actions.

SUMMARY OF NEPA ACTIVITIES

The Draft Programmatic EIS (DPEIS) for the Development of Advanced Radioisotope Power
Systems was initiated on April 24, 2004 with publication of NASA’s Notice of Intent (NOI) in
the Federal Register (69 FR 21867). Publication of the NOI opened the scoping period during
which comments and environmental concerns with NASA’s proposal were solicited from
interested agencies, organizations, and individuals. The scoping period, originally scheduled to
close on June 4, 2004, was extended by NASA until July 30, 2004. All comments received were
considered in the development of the DPEIS. NASA formally released the DPEIS for public
review via publication in the Federal Register of the Notice of Availability (NOA) on January 6,
2006 by the U.S Environmental Protection Agency (EPA) (71 FR 928). The DPEIS was
distributed in hardcopy and also made available electronically via the Worldwide Web at the
address noted in the NOA. The DPEIS was made available to interested agencies, organizations,
and individuals for review and comment for a period that ended on February 21, 2006.

Upon completion of the public review and comment period, NASA revised and updated the
DPEIS as appropriate resulting in this Final Programmatic Environmental Impact Statement
(FPEIS) for the Development of Advanced Radioisotope Power Systems. In addition, NASA
considered and prepared appropriate responses to all comments received, compiling all
comments and responses in Appendix B of this document. This FPEIS will be made available to
all interested parties for a minimum of 30 days. NASA has formally released the FPEIS to all
interested agencies, organizations, and individuals via publication in the Federal Register of the
NOA by the U.S. EPA. The FPEIS is also being distributed in hardcopy and made available
electronically via the Worldwide Web at an address noted in the NOA. No sooner than 30-days
following publication of the NOA NASA will prepare the NEPA decision document — the
Record of Decision (ROD). The ROD will be posted on the Worldwide Web and made available
to all interested parties upon request, formally completing the NEPA process.
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1 PURPOSE AND NEED FOR ACTION

This Final Programmatic Environmental Impact Statement (FPEIS) for the development of
advanced Radioisotope Power Systems (RPSs) has been prepared by the National Aeronautics
and Space Administration (NASA) to assist in the decision-making process as required by the
National Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C. 4321 et seq.);
Council on Environmental Quality Regulations for Implementing the Procedural Provisions of
NEPA (40 CFR parts 1500—1508); and NASA policies and procedures at 14 CFR subpart
1216.3. NASA, in cooperation with U.S. Department of Energy (DOE), proposes to develop two
types of advanced RPSs, the Multi-Mission Radioisotope Thermoelectric Generator (MMRTG)
and the Stirling Radioisotope Generator (SRG) to satisfy a wide range of future space
exploration mission requirements. The advanced RPSs would be capable of functioning in space
and on the surfaces of planets, moons, and other solar system bodies that have an atmosphere
(e.g., Mars, Venus, Pluto, and two of the moons of Saturn (Titan and Enceladus)). In the follow-
on sections of this chapter, planets, moons, and other solar systems bodies are collectively
referred to as solar system bodies.

NASA plans to address the environmental impacts of the development of advanced RPSs
through a tiered NEPA process and based on existing and in-process DOE NEPA documentation
for RPS-related activities. This FPEIS addresses (1) development for launch and use in space of
the MMRTG and the SRG to provide modular power systems, and (2) related long-term research
and development (R&D) of alternative radioisotope power systems and power converter
technologies. These long-term R&D activities could include, but not necessarily be limited to
improvements to further increase the versatility of future RPS designs, expanding their capability
and the environments in which they can operate. The long-term R&D activities are also
expected to include work on RPS designs with smaller electric outputs and efforts to reduce the
mass of power conversion systems to further improve specific power (watts of electrical power
per unit of mass). Additional environmental documentation would be developed for the potential
integrated system development (i.e., full system development requiring the integration of the
RPS converter with a radioisotope fuel source) and production of any new generation of space-
qualified RPSs that results from the related long-term R&D of technologies (e.g., more efficient
systems or systems producing smaller electrical power output). Actual use of the MMRTG or
SRG for spacecraft would be the subject of separate mission-specific NEPA documentation.

DOE is the sole cooperating agency in the preparation of this FPEIS.
1.1  BACKGROUND

Radioisotope Thermoelectric Generators (RTGs) of various types have been launched on 26 U.S.
space missions, including: Apollo 11 through 17, Pioneer, Viking, Voyager, and the Galileo,
Ulysses, Cassini, and New Horizons missions. The generator technology developed by DOE has
resulted in several radioisotope power systems, evolving from the Systems for Nuclear Auxiliary
Power (SNAP) series of RTGs, to the Multi-Hundred Watt (MHW)-RTG, and most recently, to
the General Purpose Heat Source-RTG (GPHS-RTG) used for the Galileo, Ulysses, Cassini, and
New Horizons missions. The GPHS-RTG consists of two major functional components, the
thermoelectric converter and a stack of 18 individual GPHS modules. The GPHS module
consists of plutonium dioxide fuel pellets encased in iridium clads and a series of protective
shells designed to prevent damage to the clad during inadvertent reentry and impact. Each
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individual GPHS module produces roughly 250 watts of heat, or thermal watts (Wy,). The
thermoelectric power converter used in the GPHS-RTG consisted of 572 silicon germanium
(SiGe) thermoelectric couples, which convert decay heat from the plutonium directly into
electricity. When first fueled for the Cassini mission, this type of converter produced about 300
watts of electric power (W.) with a converter efficiency between 6 and 7 %

(Lockheed Martin 1997).

The GPHS-RTG was developed by DOE starting in the late 1970s and has been used by NASA
on science missions, principally orbital observations of various bodies in the solar system. These
GPHS-RTGs have had and are continuing to have tremendous success with very high, long-term
reliability for those missions. The power converters, however, were not designed to perform
effectively for extended durations on solar system bodies with an atmosphere nor for missions
that require power levels less than 200 We.

The advanced RPSs would be actively considered for use on future NASA missions, in part,
because of their versatility (including the ability to operate on surface of solar system bodies
with an atmosphere), their ability to operate continuously, independent of orientation to and
distance from the Sun, and their modularity. The advanced RPS designs are proposed in order to
provide the capability for extended operation on the surface of solar system bodies that have an
atmosphere as well as in the environments encountered in space. Under the Proposed Action,
two proposed advanced RPS designs, utilizing different power conversion technologies, would
be developed. The MMRTG converter design would be based on thermocouple technology used
in the SNAP-19 RTG, which was used successfully on the Viking Mars Landers and the Pioneer
spacecraft in the 1970s. The MMRTG would build upon this spaceflight-proven passive
thermoelectric power conversion technology. The SRG would incorporate a dynamic power
conversion system based upon a Stirling engine that would more efficiently, compared to the
MMRTG or the GPHS-RTG, convert the heat from the decay of plutonium into electrical power.
Although NASA has used Stirling engines previously in space (e.g., cryocoolers), NASA has not
used a Stirling power conversion system for space power applications. Both the MMRTG and
the SRG would use an enhanced version of the GPHS. This enhanced GPHS is the result of
DOE’s continuing efforts to further improve the GPHS safety performance.

1.2 PURPOSE OF THE ACTION

NASA's future scientific exploration is planned to include missions throughout the solar system
and missions to the surfaces of planets, moons, and other solar system bodies. Many of these
missions can not be accomplished or would have substantially limited applicability with current
energy production and storage technologies available to NASA, such as batteries, solar arrays,
fuel cells, and the existing space flight qualified radioisotope power system (i.e., GPHS-RTG).
NASA envisions missions needing power generating capability with substantial longevity and
flexibility to enable greater scientific exploration capabilities. The purpose of the action is to
develop advanced power systems, specifically advanced RPSs, that would enable this broad
range of missions. NASA is proposing to develop advanced RPS designs that would ultimately
enhance mission capability by 1) providing long term reliable power on the surface of solar
system bodies with atmospheres, 2) providing power systems with enhanced modularity over
existing systems thus enabling a wider range of mission types than previously possible, and 3)
boosting the efficiency of RPSs. These RPSs would be long-lived, reliable electric power
systems capable of producing on the order of 100 W, both in space and in the environments
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encountered on the surface of solar system bodies that have an atmosphere. More than one RPS
could be integrated with a spacecraft to provide higher power levels.

NASA is also pursuing research efforts directed at longer-term improvements to existing power
conversion technologies for RPSs and the development of new power conversion technologies.
Desired improvements would be increased system specific power; increased efficiencies for
power conversion technologies; increased reliability, lifetime, and operability; greater power
system flexibility enabling use in more places in space and on solar system bodies; improved
ability to operate in extreme environments and improvements in modularity. One area of
research into new power conversion system technology addresses the development of smaller
power systems (milliwatt to several watt sized systems) that could provide additional flexibility
and modularity for mission applications. While the new power conversion systems could be
based on the GPHS module or the radioisotope heater unit (RHU), the power converter
development efforts could lead to technologies that are applicable to both nuclear and non-
nuclear systems. The results from this research may not be ready for use in space for several
years, but may ultimately result in the identification of improved system designs. The potential
development of these technologies into final system designs is not addressed in this FPEIS and
would be the subject of future NASA NEPA documentation.

1.3 NEED FOR THE ACTION

In the past, NASA mission electric power needs were based upon supporting mission
requirements that resulted in the use of relatively large spacecraft (e.g., the Cassini mission). As
NASA’s vision for future exploration has evolved, these mission power needs have also evolved.
Now NASA’s future scientific exploration of the solar system is planned to include missions
throughout the solar system and missions to the surface of solar system bodies. The fundamental
goal of these solar system exploration missions is to understand how our solar system became,
and planetary systems in general became, habitable — and how they maintain their ability to
nurture life. The goal will be achieved by answering two fundamental questions. The first is
related to habitability in planetary environments, “How have specific planetary environments
evolved with time, when and in what way were they habitable, and does life exist there now?”
The second is associated with the planetary system architecture, “What determines the
arrangement of planetary systems, what roles do the position and masses of giant planets play in
the formation of habitable planets and moons?” Some missions would need power systems that
can provide long term survivability on the surface of solar system bodies that have an
atmosphere and allow surface mobility (e.g., rovers) by being lighter and more compact than the
current GPHS-RTG. Such missions could include:

e Comprehensive and detailed planetary investigations creating comparative data sets of the
outer planets - Jupiter, Saturn, Uranus, Neptune, and Pluto, and their moons. The NASA has
identified missions to Europa, Titan, and Triton, which are moons of Jupiter, Saturn, and
Neptune, respectively, to address habitability in planetary environments and planetary
architecture. An advanced RPS could be enabling for these missions due to a combination of
factors, which include their large distance from the Sun, long mission duration, and, in the
case of Europa, a high radiation environment.

e Exploration of Venus to answer the questions of habitability from the point of view of
planetary architecture (How wide is the long-term habitable zone?) and habitable worlds (By
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what process did Venus lose its early habitability?). A long duration mission in the high
temperature and high pressure Venus environment would require an advanced RPS.

e Comprehensive exploration of the surfaces and interiors of comets, possibly including
samples returned to Earth to better understand the building blocks of our solar system and
ingredients contributing to the origin of life.

e Expanded capabilities for surface missions, on-orbit exploration, and potential sample return
missions to the Moon, Mars and other solar system bodies. Such capabilities could greatly
improve our understanding of planetary processes, particularly those affecting the potential
for life.

Many of these missions could not be accomplished with current energy production and storage
technologies available to NASA, such as batteries, solar arrays, fuel cells, and the existing
GPHS-RTG. The GPHS-RTG, designed to operate un-sealed in space vacuum, used on previous
orbital and flyby missions has limited applicability on surfaces of solar system bodies where an
atmosphere is present. The performance of the converter, specifically the thermocouples and the
multi-foil insulation, degrades in most atmospheres and does not provide the long-term operating
capabilities desired for these surface missions. In addition, the GPHS-RTG provides power in
the range of 250 to 300 W.. The proposed advanced RPSs would be physically smaller power
systems and would provide lower levels of electric power (on the order of 100 W) thus enabling
NASA to fly smaller missions that require less power than that could be provided by the GPHS-
RTG. The advanced RPS units could be utilized in a modular fashion, such that one or more of
these devices could be integrated into a spacecraft as required to meet mission electric power
needs.

1.4 NEPA PLANNING AND SCOPING ACTIVITIES

On April 22, 2004, NASA published a Notice of Intent (NOI) to prepare a Programmatic
Environmental Impact Statement (PEIS) and conduct scoping for the development of advanced
RPSs in the Federal Register (69 FR 21867). The scoping period originally was to close on
June 4, 2004, but was extended until July 30, 2004 (69 FR 43629). Comments were solicited
from Federal, State, and local agencies, and other interested parties on the scope of the PEIS.
Scoping comments were received from private organizations and individuals. Issues raised in
the scoping comments included concerns about: (1) The use of radiological material for the
spacecraft electrical power source; (2) Impacts to workers at DOE’s Los Alamos National
Laboratory (LANL) due to heat source preparation; (3) Impacts to the groundwater at LANL due
to plutonium fuel and heat source preparations; (4) The lack of methods to properly dispose of
nuclear waste; (5) Launch-area accidents when using RPSs; and (6) Possible military
applications of the advanced RPS technology. Comments were also received that (7) Suggested
the use of alternative (radiological, i.e. non-plutonium, and non-radiological) sources for
electrical power.

Issues 1 through 4 and 7 were addressed and discussed in the Draft PEIS (DPEIS). Issues 1 and
7 were summarized in Chapter 2 and discussed more thoroughly in Chapter 4. Comments
associated with issues 2, 3, and 4 are addressed within existing DOE NEPA documentation that
envelopes any impacts that would result from proceeding with the Proposed Action or the No
Action Alternative addressed in the DPEIS. Some descriptive information on activities
conducted at the various DOE nuclear facility sites was presented in Chapter 4 of the DPEIS.
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Comments associated with issue 5 are not within the scope of the PEIS but concerns associated
with launch accidents were discussed qualitatively in Chapter 4 of the DPEIS as launches with
RPSs could occur. The impacts of such proposed launches would be discussed in detail in
mission-specific NEPA documentation. Issue 6 is not within the scope of the PEIS. DOE is
developing the advanced RPSs for NASA’s space exploration purposes and not for military
purposes.

1.5 RESULTS OF PUBLIC REVIEW OF THE DPEIS

NASA published a Notice of Availability (NOA) of the Draft Programmatic Environmental
Impact Statement for the Development of Advanced Radioisotope Power Systems on January 5,
2006 (71 FR 625). The DPEIS was mailed by NASA to potentially interested Federal, State, and
local agencies; organizations; and individuals. In addition, the DPEIS was made publicly
available in electronic format on NASA’s web site. NASA also sent electronic mail (e-mail)
notifications to potentially interested individuals who had submitted scoping comments via
e-mail but who had not provided a mailing address. The U.S. Environmental Protection Agency
(EPA) published its NOA for the DPEIS on January 6, 2006 (71 FR 928), initiating the 45-day
review and comment period.

The public review and comment period closed on February 21, 2006. NASA received a total of
fifty-five comment submissions (letters and e-mails) from Federal, State, and local agencies;
private organizations; and individuals.

These comment submissions included concerns regarding: (1) The use of radiological material
for the spacecraft electrical power sources; (2) The impacts to workers, the public, and the
environment at DOE facilities; (3) The proper disposal of nuclear waste (including proper
material safeguards); (4) Launch-area accidents when using an RPS; and (5) Possible military
applications of the advanced RPS technology. Additionally, several comment submissions
recommended alternative actions, including: (1) The development and use of alternative (non-
radiological) sources for electrical power and (2) Using advanced RPS development funds on
other societal issues (e.g., health, education).

All submissions received by NASA during the DPEIS public review period are found in
Appendix B of the FPEIS, together with NASA’s responses to specific comments.

1.6 NEPA ACTIVITIES RELATED TO THE PROPOSED ACTION
This section provides brief summaries of NEPA documents related to the Proposed Action.

The Programmatic Environmental Impact Statement for the Mars Exploration Program
(NASA 2005a) evaluated NASA's near and mid-term plans for the Mars Exploration
Program, including missions that may require the use of plutonium-238 fueled RPSs
and/or Radioisotope Heater Units (RHUs). The record of decision for the Mars
Exploration Program was signed on June 20, 2005 completing the NEPA process. The
proposed action was selected (NASA 2005b). The first mission to Mars that would
consider the use of an advanced RPS is the Mars Science Laboratory mission, currently
planned for launch as early as 2009. NASA published a Notice of Intent to develop an
EIS for this mission on March 10, 2006 (71 FR 47).
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The Environmental Assessment for Radioisotope Heat Source Fuel Processing and
Fabrication (DOE 1991) evaluated the impacts of increased production of plutonium-238
fuel for NASA missions at the Technical Area (TA)-55 facility at LANL. The finding of
no significant impact (FONSI) concluded that the RTG and Radioisotope Heater Unit
(RHU) component fabrication activities at LANL would not be a major federal action
that would significantly affect the quality of the human environment.

The Environmental Assessment for the Future Location of Heat Source/Radioisotope
Power System Assembly and Operations Currently Located at the Mound Site (DOE
2002b) addressed the options for locating future operations of DOE's plutonium-238 heat
source/radioisotope power systems (HS/RPS) fabrication and acceptance test activities.
The FONSI concluded that continued operations of the HS/RPS fabrication activities at
any of the alternative sites would not be a major federal action that would significantly
affect the quality of the human environment. DOE decided to relocate the operations
from the Mound Site to the Argonne National Laboratory-West (ANL-W), now part of
the Idaho National Laboratory (INL), site in Idaho.

The Programmatic Environmental Impact Statement for Accomplishing the Isotope
Production Missions in the United States, including the Role of the Fast Flux Test
Facility (DOE 2000) (66 FR 7877; 69 FR 50180) evaluated the environmental impacts of
alternatives for production of various isotopes, including plutonium-238. The DOE
selected the preferred alternative, which included reestablishing domestic production of
plutonium-238. For that purpose, DOE decided that the Advanced Test Reactor (ATR) in
Idaho and the High Flux Isotope Reactor (HIFR) at the Oak Ridge National Laboratory
(ORNL) in Tennessee would be used to irradiate neptunium-237 oxide targets. The
Radiochemical Engineering Development Center (REDC) at ORNL would be used for
fabricating targets and extracting plutonium-238 from the irradiated targets. In the
August 13, 2004 amended Record of Decision (ROD), DOE decided that the neptunium-
237 oxide would be shipped from the Savannah River Site to the ANL-W (now INL) in
Idaho for storage.

The Environmental Assessment of the Import of Russian Plutonium-238 (DOE 1993a;
DOE 1993b) addressed the environmental impacts of importing plutonium-238 from
Russia to augment the U.S. inventory for NASA space missions. The proposed action
considered shipping up to 40 kilograms (88.2 pounds) of plutonium-238 fuel from Russia
to a U.S. port, transporting the plutonium-238 within the U.S. and if necessary, purifying
the material to remove various impurities. In the Environmental Assessment (EA), DOE
concluded that the importation of plutonium-238 from Russia would not constitute a
major federal action significantly affecting the quality of the human environment.

The Environmental Assessment of the General-Purpose Heat Source Safety Verification
Testing (DOE 1995) evaluated the impacts of rocket sled testing of GPHS modules using
depleted uranium as a simulant for plutonium-238. The FONSI concluded that these tests
would not be a major federal action that would significantly affect the quality of the
human environment.

The Site-Wide Environmental Impact Statement for the Continued Operation of the Los
Alamos National Laboratory (DOE 1999a) (64 FR 50797) evaluated ongoing and
projected new operations and facilities at LANL in support of DOE missions, including
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the storage of plutonium-238 and production of fuel clads for U.S. space missions. A
decision was made in the ROD to implement the Preferred Alternative, which includes
expansion of operations as necessary, increases in existing operations to the greatest
reasonably foreseeable levels, and full implementation of the mission elements assigned
to LANL.

The Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) is
being developed by the DOE, with NASA as a cooperating agency, to address impacts
associated with the potential consolidation at INL of the activities associated with
production and fabrication of fuel for radioisotope heat sources and RPSs and the
assembly and testing of integrated RPS units. The DOE published a draft EIS in June
2005 (70 FR 38132) and the EIS process is scheduled for completion in mid to late 2006.
NASA holds no stake in the decision ultimately taken by DOE related to its long-term
production of plutonium-238. NASA’s Proposed Action in this FPEIS in independent of
the Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a)
alternative selected by the DOE.

Launch of space missions with advanced RPSs is beyond the scope of this FPEIS. Launch of the
proposed advanced RPSs from any U.S. launch site (e.g., Kennedy Space Center (KSC), Cape
Canaveral Air Force Station (CCAFS), Vandenberg Air Force Base (VAFB)) would be subject to
mission specific NEPA documentation.
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2 DESCRIPTION AND COMPARISION OF ALTERNATIVES

In order to meet the future mission needs for exploration of the solar system, the National
Aeronautics and Space Administration (NASA), in cooperation with the U.S. Department of
Energy (DOE), proposes to develop two new long-lived, reliable electric power systems. These
power systems would be capable of functioning in the environments encountered in space and on
the surfaces of planets, moons and other solar system bodies that have an atmosphere (e.g., Mars,
Venus, Pluto, and two of the moons of Saturn (Titan and Enceladus)). In the follow-on sections
of this chapter, planets, moons, and other solar systems bodies are collectively referred to as
solar system bodies.

This Final Programmatic Environmental Impact Statement (FPEIS) was prepared in accordance
with the National Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C. 4321 et
seq.) and evaluates the following alternatives:

e Proposed Action. The Proposed Action, NASA’s Preferred Alternative, has two basic
elements. (1) NASA proposes to develop and qualify for flight and use in space two types of
advanced Radioisotope Power Systems (RPS), the Multi-Mission Radioisotope
Thermoelectric Generator (MMRTG) and the Stirling Radioisotope Generator (SRG), to
enable a wide range of future space exploration missions. These advanced RPSs would be
capable of functioning in the environments encountered in space and on the surfaces of solar
system bodies that have an atmosphere. These modular power systems would be based upon
an enhanced version of the General Purpose Heat Source (GPHS) fueled by plutonium
dioxide (consisting mostly of plutonium-238). The GPHS was originally developed by DOE
and used in Radioisotope Thermoelectric Generators (RTGs) on previous NASA missions.
(2) The Proposed Action also includes continued research and development (R&D) of
alternative radioisotope power systems and power converter technologies.

e No Action. Under the No Action Alternative, NASA would (1) discontinue efforts for the
development of the MMRTG and SRG. NASA would continue to consider the use of
available RPSs, such as the GPHS-RTG, for future solar system exploration missions. While
well suited to use in space, the GPHS-RTG would have substantially limited application on
missions to the surface of solar system bodies where an atmosphere is present. In addition,
DOE’s GPHS-RTG production line is no longer operative, including the Silicon/Germanium
(SiGe) thermocouple manufacturing operations. It may be possible to construct a limited
number (one, two, or possibly three) of GPHS-RTGs from existing parts inventories, but
longer term reliance on this technology would require the reactivation of the production
capabilities, including re-establishing vendors for GPHS-RTG components, which could
involve a substantial financial investment. In the follow-on sections of this chapter,
reactivating the GPHS-RTG production line is inclusive of reactivating the Si/Ge
manufacturing operations and re-establishing the supply vendors. (2) As with the Proposed
Action, NASA would continue to pursue R&D of alternative radioisotope power systems and
power converter technologies.

The long-term NASA R&D efforts involving alternative radioisotope power systems and power
converter technologies are on-going activities. This R&D focuses on longer-term improvements
to RPSs that are less technologically developed than the MMRTG and SRG, including
technologies that increase specific power (electrical power output per unit mass); increase
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efficiencies for power conversion technologies; improve modularity; increase reliability,
lifetime, and operability; and provide improved capability to operate in harsh environments.
These advancements would provide for greater power system flexibility enabling use in more
places in space and on solar system bodies. The results of this R&D could be applied to improve
the MMRTG or SRG design, and to further evolutionary RPS designs including RPS designs
with lower electrical power outputs. Future fabrication of fueled RPSs, Qualification Units (used
to demonstrate the readiness of a design for flight applications) and flight units, stemming from
this R&D would be the subject of future environmental documentation. The R&D effort on
power conversion technologies have applicability to both radioisotope and non-radioisotope
power systems. These NASA R&D activities (see Section 2.3) are addressed under both the
Proposed Action and the No Action Alternative as these efforts will continue independent of the
decision to be made relevant to this FPEIS. In addition, NASA will continue to evaluate power
systems developed independently by other organizations for their viability in space-based
applications.

2.1 DESCRIPTION OF THE PROPOSED ACTION

Under the Proposed Action, NASA, in cooperation with DOE, would develop the MMRTG and
the SRG. These advanced RPS designs would be based on the development of two new power
converter systems. Both the MMRTG and the SRG would use enhanced GPHS modules as the
heat source. Either could be used to meet many of the electric power needs of potential NASA
space exploration missions. Figure 2-1 provides a high-level schedule and milestones for the
development of the MMRTG and the SRG.

Fabrication Cofuplete Electrically Heated Unit Tests
4 \v4

Qualification Tests

MMRTG Phase II- Qualification Unit

Electrfically Heated Unit Tests
v?

SRG - Engineering Unit SRG=Qualification Unit*

*SRG Quali‘ication Testing has peen postponed wifh no definitive date{set for the start dr end of testing.

FIGURE 2-1. RPS SCHEDULE AND MILESTONES
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The Proposed Action has two basic elements:

1)

2)

Final Design, Development, and Testing of the Space-Qualified MMRTG and SRG:

The MMRTG would build upon spaceflight-proven passive thermoelectric power conversion
technology while incorporating improvements to allow extended operation on solar system
bodies that have an atmosphere. The MMRTG configuration, as proposed, would consist of
three basic elements: the heat source, the converter, and an outer case with the heat radiator.
The thermoelectric elements that would be employed in the MMRTG have a history of use in
diverse environments. The converter thermocouple design is based on the Systems for
Nuclear Auxiliary Power (SNAP)-19 RTG, which was used successfully on the Viking Mars
Landers and the Pioneer spacecrafts in the 1970’s.

For the SRG, NASA, in cooperation with DOE, would develop a new dynamic power
conversion system based on the Stirling engine. The Stirling conversion system would
convert the heat from the decay of plutonium into electrical power much more efficiently
than the MMRTG and therefore use less plutonium to generate comparable amounts of
electrical power. Because the SRG uses less plutonium than the MMRTG, the SRG
generates less waste (excess) heat — which may be beneficial for some missions where excess
heat would adversely impact spacecraft operation or may be undesirable for missions where
excess heat from the RPS is needed for warming spacecraft components.

The GPHS-RTG used on NASA’s Galileo, Ulysses, Cassini, and the New Horizons missions
included as a heat source the GPHS modules developed by DOE. The GPHS-RTG, designed
to operate un-sealed in space vacuum, used on previous orbital and flyby missions has
limited applicability on surfaces of solar system bodies where an atmosphere is present. The
performance of the converter, specifically the thermocouples and the multi-foil insulation,
degrades in planetary atmospheres and does not provide the long-term operating capabilities
desired for these surface missions. The advanced RPSs would be capable of providing
long-term, reliable electrical power to spacecraft across the range of conditions encountered
in space and on surface missions to solar system bodies that have an atmosphere.

Both of these advanced systems would provide on the order of 100 watts of electric power
(W.) at beginning of mission (BOM) and would be capable of functioning both in the
environments encountered in space and on surfaces of solar system bodies that have an
atmosphere. The mechanical and thermal interfaces of the MMRTG and SRG respectively,
would accommodate a broad range of spacecraft designs. One or more MMRTG or SRG, or
a combination of the two, could be integrated with a spacecraft to provide higher power
levels, as needed.

Future RPS Research and Development: This encompasses R&D of alternative
radioisotope power systems and power converter technologies (see Section 2.3 for a detailed
discussion).

2.1.1 Facilities Involved

Development and test activities involving the use of radioisotopes would be performed at
existing DOE sites and facilities that currently perform similar activities in accordance with
DOE’s existing NEPA documentation. Fuel production would likely occur at DOE’s Los
Alamos National Laboratory (LANL) in Los Alamos, New Mexico, which is currently used for
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the fabrication of the fuel installed in the GPHS modules. (The plutonium dioxide used to fuel
RPSs for NASA missions is currently primarily procured by DOE from Russia, although the
New Horizons mission used plutonium from domestic and Russian sources.) Advanced RPS
assembly and qualification and acceptance testing would be performed at Idaho National
Laboratory (INL), located west of Idaho Falls, Idaho. These activities were previously
performed at DOE’s Mound, Ohio facility. (The effort in support of NASA’s advanced RPS
needs is only a part of DOE’s RPS mission. The RPS activities performed by DOE are expected
to continue even without any future support for NASA.) Any required additional safety testing
of an integrated advanced RPS (using low activity-level fuel simulant) could be performed at one
or more existing facilities (e.g., LANL, Sandia National Laboratory (SNL) in Albuquerque, New
Mexico, or Aberdeen Proving Ground (APG) in Aberdeen, Maryland).

Upon successful completion of advanced RPS development, it is anticipated that these devices
would be considered for use on future NASA missions. In those cases additional, mission-
specific NEPA analysis would be performed, as required.

Currently, DOE is considering plans to consolidate plutonium fuel operations at its INL site,
including the domestic production of plutonium-238 dioxide; the NEPA process for this action is
on-going (DOE 2005a). Three alternatives are being evaluated by DOE for this purpose: the
Consolidation Alternative (consolidate all RPS nuclear activities at INL); the Consolidation with
Bridge Alternative (interim use of existing facilities until new INL facilities are completed); and
the No Action Alternative (maintain status quo). NASA holds no stake in the decision ultimately
taken by DOE related to its long-term production of plutonium-238. NASA’s Proposed Action
in this FPEIS is independent of DOE’s decision related to the Draft Environmental Impact
Statement for the Proposed Consolidation of Nuclear Operations Related to the Production of
Radioisotope Power Systems (DOE 2005a).

2.1.2 RPS Overview
2.1.2.1 Background

Radioisotope Power Systems (RPSs) generate electrical power by converting the heat released
from the nuclear decay of radioisotopes, such as plutonium-238, into electricity. First used in
space by the United States of America (U.S.) in 1961, these devices have consistently
demonstrated unique capabilities over other types of space power systems for applications up to
several hundred watts of electric power. Radioisotopes also serve as a versatile energy source
for heating and maintaining the temperature of sensitive electronics in space. A key advantage
of using RPSs is their ability to operate continuously; both further away from and closer to the
Sun than possible with other existing space power technologies. RPSs are long-lived, rugged,
compact, highly reliable, and relatively insensitive to radiation and other environmental effects.
As such, they enable missions involving long-lived, autonomous operations in the extreme
conditions of space and the surfaces of solar system bodies. The GPHS-RTG, used on the
ongoing Cassini mission to Saturn and the New Horizons mission to Pluto and the Kuiper Belt,
launched in January 2006, is an RPS that is capable of operating in the vacuum of space;
however, it has limited capabilities for operating on landed missions where an atmosphere is
present. With the appropriate design, such as on the SNAP-19 RTG for the Viking missions, an
RPS would have the capability to function in a wider range of landed conditions than the GPHS-
RTG.
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Table 2-1 lists all of the 26 U.S. space missions that have used RPSs. Many of these, particularly
the ones used on the Apollo lunar missions, the Viking Mars landers, and the Pioneer and
Voyager planetary probes, produced electrical power well beyond their required lifetimes. The
RPSs on the three aborted missions met their respective design criteria. The RPS on the first

TABLE 2-1. U.S. MISSIONS USING RADIOISOTOPE POWER AND HEAT SOURCES

Principal o
Energy Source Destination/ Launch
Spacecraft (# of units) Application Year Status
SNAP-3B7 Earth Orbit/ RTG operated for 15 years. Satellite now
1 | Transit 4A RTG (1) Navigation Satellite 1961 shut down.
. RTG operated for 9 years. Operation
SNAP-3B8 Earth Orbit/ intermittent after 1962 high altitude test.
2 | Transit 4B RTG (1) Navigation Satellite 1961 Last signal in 1971.
. RTG operated as planned. Non-RTG
Transit SNAP-9A RTG | Earth Orbit/ electrical problems on satellite caused
3 | 5BN-1 (1) Navigation Satellite 1963 | failure after 9 months.
Transit SNAP-9A RTG | Earth Orbit/ RTG operated for over 6 years. Satellite
4 | 5BN-2 (1 Navigation Satellite 1963 | lost navigational capability after 1.5 years.
. Mission aborted because of launch vehicle
Transit SNAP-9A RTG | Earth Orbit/ failure. RTG burned up on reentry as
5 5BN-3 [a] (D Navigation Satellite 1964 | designed.
. Mission aborted because of range safety
Nimbus B-1 | SNAP-19B2 Earth Orbit/ destruct. RTG heat sources recovered and
6 | [b] RTG (2) Meteorology Satellite 1968 | recycled.
SNAP-19B3 Earth Orbit/ RTGs operated for over 2.5 years. No
7 | Nimbus III RTG (2) Meteorology Satellite 1969 | data taken after that.
Heater units for seismic experimental
Lunar Surface/ package. Station shut down August 3,
8 | Apollo 11 ALRH Heater Science Payload 1969 1969.
SNAP-27 RTG | Lunar Surface/ RTG operated for about 8 years until
9 | Apollo 12 (1 Science Station 1969 | station was shut down.
Mission aborted. RTG reentered intact
with no release of Pu-238. RTG currently
Apollo 13 SNAP-27 RTG | Lunar Surface/ located at bottom of Tonga Trench in
10 | [c] (1) Science Station 1970 South Pacific Ocean.
SNAP-27 RTG | Lunar Surface/ RTG operated for over 6.5 years until
11 | Apollo 14 (1) Science Station 1971 station was shut down.
SNAP-27 RTG | Lunar Surface/ RTG operated for over 6 years until
12 | Apollo 15 (1) Science Station 1971 station was shut down.
SNAP-19 RTG | Planetary/Payload & RTGs still operating. Spacecraft now well
13 | Pioneer 10 @) Spacecraft 1972 | beyond orbit of Pluto.
SNAP-27 RTG | Lunar Surface/ RTG operated for about 5.5 years until
14 | Apollo 16 (1) Science Station 1972 | station was shut down.
Transit-RTG Earth Orbit/
15 | Triad-01-1X | (1) Navigation Sat 1972 RTG still operating as of mid-1990s.
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TABLE 2-1. U.S. MISSIONS USING RADIOISOTOPE POWER AND HEAT SOURCES
(CONTINUED)
Principal
Energy Source Destination/ Launch
Spacecraft (# of units) Application Year Status
SNAP-27 RTG | Lunar Surface/ RTG operated for almost 5 years until
16 | Apollo 17 (1) Science Station 1972 station was shut down.
SNAP-19 RTG | Planetary/Payload & RTGs still operating. Spacecraft operated
17 | Pioneer 11 4 Spacecraft 1973 | to Jupiter, Saturn and beyond.
SNAP-19 RTG | Mars Surface/ RTGs operated for over 6 years until
18 | Viking 1 2) Payload & Spacecraft 1975 | lander was shut down.
SNAP-19 RTG | Mars Surface/ RTGs operated for over 4 years until relay
19 | Viking 2 2) Payload & Spacecraft 1975 | link was lost.
Earth Orbit/
LES 8, LES Communication
20 | 9[d] MHW-RTG (4) | Satellites 1976 | RTGs still operating as of late 2005.
RTGs still operating. Spacecraft
Planetary/ Payload & successfully operated to Jupiter, Saturn,
21 | Voyager 2 MHW-RTG (3) | Spacecraft 1977 | Uranus, Neptune, and beyond.
RTGs still operating. Spacecraft
Planetary/ Payload & successfully operated to Jupiter, Saturn,
22 | Voyager 1 MHW-RTG (3) | Spacecraft 1977 and beyond.
GPHS-RTG (2) RTGs continued to operate until 2003,
RHU Heater Planetary/Payload & when spacecraft was intentionally
23 | Galileo (120) Spacecraft 1989 | deorbited into Jupiter atmosphere.
RTG continues to operate successfully
Planetary/Payload & after 15 years. Spacecraft conducting
24 | Ulysses GPHS-RTG (1) | Spacecraft 1990 | solar polar orbits.
Mars Mars Surface/Rover Heater units used to maintain payload
25 | Pathfinder RHU Heater (3) | Electronics 1996 | temperature. Units still presumed active.
GPHS-RTG (3)
RHU Heater Planetary/Payload & RTGs continue to operate successfully
26 | Cassini (117) Spacecraft 1997 | after 8 years. Spacecraft in Saturn orbit.
Mars Surface/Rover Heater units are operational and used to
27 | MER Spirit | RHU Heater (8) | Electronics 2003 | maintain payload temperature.
MER Mars Surface/Rover Heater units are operational and used to
28 | Opportunity | RHU Heater (8) | Electronics 2003 | maintain payload temperature.
Pluto New Planetary/Payload & In transit to Pluto, launched January 2006,
29 | Horizons GPHS-RTG (1) | Spacecraft 2006 | RTG operating successfully.

Source: Derived from NASA 2005¢ and NRC 2006

a. Mission was aborted due to launch vehicle failure. RTG burned up on reentry as designed.

b. Mission was aborted due to launch vehicle failure. RTG heat sources recovered, plutonium recycled and

used on subsequent mission.

c. Mission aborted on way to Moon. RTG reentered Earth atmosphere intact with no release of Pu-238. Itis
currently located deep in the Tonga Trench in the South Pacific Ocean.

d. Missions consisted of two RPS-powered communications satellites (LES 8 and 9) launched on a single

booster.
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aborted mission burned up on orbital reentry, a design goal that has since been superseded by a
design requirement for intact reentry from orbit. The heat sources from the second aborted
mission survived reentry and impact with no plutonium release and were recovered. The
plutonium was then used on a subsequent mission. The RPS from the Apollo 13 mission
reentered intact with no known plutonium releases and currently lies at the bottom of the Tonga
Trench in the South Pacific Ocean (DOE 1980).

Radioisotope Power Systems consist of two principal subsystems: a heat source and a power
converter. The heat source includes the radioisotope fuel encapsulated within a protective clad
designed to contain the fuel and limit the possibility of its dispersal to the maximum extent
practical during launch accidents, such as inadvertent atmospheric reentry and impact. The heat
produced from this thermal source flows via radiative and conductive transfer to a power
converter, which transforms a portion of the heat into electricity. The remaining unconverted
heat may be used for purposes other than electric power generation or is ultimately rejected to
the surrounding environment via radiators.

All RPS units flown by NASA have used plutonium dioxide as the fuel. The radioactive decay
of plutonium (via alpha particle emissions) generates approximately 0.57 Wy, per gram (g)
(0.035 ounces (0z)) of plutonium-238. In the GPHS (Figure 2-2) the plutonium dioxide (in the
form of a ceramic pellet) is encased in a protective clad to prevent release into the environment
and a series of protective shells designed to prevent damage to the clad during launch accidents,
inadvertent reentry, and impact. These protective features are an integral part of the GPHS
design. Each GPHS module contains four fueled clads of plutonium dioxide with a total mass of
approximately 600 g (21 0z) and produces roughly 250 Wy, at BOM. The GPHS is designed as
an independent module to enhance safety in the event of inadvertent reentry by an RPS, and to
allow its use as a building block in future RPS configurations with different thermal outputs and
power levels.

An enhanced GPHS module design would be used in the MMRTG and SRG designs. This
enhanced GPHS module would provide added factors of safety in both module impact conditions
and in inadvertent reentry scenarios. The conceptual design of the enhanced GPHS includes the
addition of 0.25 centimeters (cm) (0.1 inch (in.)) of graphite material in the center of the module
between the graphite impact shells and an increase of 0.25 cm (0.1 in.) in the thickness of the
graphite material between the two impact shells for a total increase in module thickness of 0.5
cm (0.2 in.). Table 2-2 presents the anticipated mass specifications for the enhanced GPHS.

All RPS units flown by the U.S. have used thermoelectric devices to convert decay heat into
electricity. They have all operated at power levels ranging from several watts to several hundred
watts. The SNAP-19 RTG, whose thermocouple design would be adapted for the MMRTG, was
designed to provide approximately 40 W, at launch. The GPHS-RTG has been used in NASA’s
most recent RPS-powered missions. It has a length, diameter, and mass of 114 cm (44.9 in.),

42 cm (17 in.) and 57 kilograms (kg) (124 pounds (Ib)), respectively. It is designed to generate
approximately 285 W, at launch from a stack of 18 GPHS modules. Because the heat is
generated by radioactive decay of plutonium-238, the amount of plutonium in the RPS and
subsequently the power produced decreases over the lifetime of the mission. Individual
thermocouples use dissimilar, electrically-conductive materials to produce electricity directly
from the temperature difference between the hot and cold sides of a closed circuit. The GPHS-
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FIGURE 2-2. GPHS MODULE

TABLE 2-2. ENHANCED GPHS MASS BREAKDOWN (ANTICIPATED)

Mass Mass
Component Material (grams) (ounces)

Fuel Pellets (4) Plutonium dioxide 600 21
Clads (4) Iridium 230 8.0
Impact Shells (2) FWPF* — 3D Graphite 180 6.4
Floating Membranes (2) FWPF* — 3D Graphite 6.8 0.24
Insulator CBCF* - Graphite 8.6 0.30
Aeroshell FWPF* — 3D Graphite 580 20
Total 1600 56

*FWPF-Fine Weave Pierced Fabric; CBCF-Carbon Bonded Carbon Fiber
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RTG converts about 6 to 7% of the heat generated into electrical power and the remainder is
dissipated through its aluminum housing and radiator fins.

2.1.2.2 MMRTG and SRG Development

The MMRTG is planned to be available starting in 2009. The SRG was to be available no
sooner than 2010, however, the schedule for SRG development effort has been extended, with
several activities postponed. No availability date has been set for the SRG. (With this extension
of the SRG schedule, NASA and DOE intend to modify the design of the SRG to incorporate
more efficient Stirling engines, unless otherwise noted characteristics of the SRG presented in
the following sections are for the baseline design, not the proposed modified design.) As shown
in Table 2-3, both units would be developed to meet similar top-level requirements in terms of
power, lifetime, and operating environments. They differ in their methods of converting thermal
energy to electric power, and the number of enhanced GPHS modules used to generate heat.

The difference in power conversion technologies is the principal reason for developing two
systems with similar capability. The MMRTG (Figure 2-3) is based on the thermoelectric
conversion technology used on the SNAP-19 RTG for Viking and Pioneer missions, and
represents a low development-risk option. However, as a state-of-practice RPS, the MMRTG
does not improve upon the thermal-to-electric power conversion efficiency of the GPHS-RTG.
The MMRTG approach entails low development risk, but requires fabricating a relatively large
number of heat sources, which would place greater demands on cost and schedule and
production capabilities at DOE facilities compared to more efficient converter technologies.

The SRG (Figure 2-4) is four times more efficient than the MMRTG, and thus would require
one-fourth as much plutonium-238 for a similar power level. This would ease demand on the
plutonium dioxide supply and production infrastructure. However, this technology has not been
demonstrated in space for this specific application - the generation of electricity from heat - and
represents a higher development risk.

Table 2-4 provides a list of significant attributes of the MMRTG and SRG, highlighting the
differing (and complimentary) capabilities and limitations of each design. These attributes are
expected to affect future NASA decisions on the use of MMRTG or SRG systems for particular
missions.

NASA R&D activities progress through phases from initial basic scientific research to the ability
to deploy (launch and operate) a fully operational system design. This effort can be broadly
described as follows:

e Basic Technology Research - identifying basic scientific principles and formulating
technology concepts or applications;

e Research to Prove Feasibility - analytical and experimental efforts to show proof-of-concept;

e Technology Development - validation of component operability in a representative
environment;

e Technology Demonstration - system or prototype demonstration in a representative
environment;

e System Development: through first unit fabrication - system qualified through test and
demonstration either in ground test or flight tests; and

e System Launch and Operations - successful first system operation on a mission.
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TABLE 2-3. TOP-LEVEL REQUIREMENTS FOR MMRTG AND SRG

Requirement

MMRTG SRG

Heat Source Quantity

8 GPHS Modules (~4.8 kg Pu0O,) 2 GPHS Modules (~1.2 kg Pu0O,)

Beginning of Mission Thermal
Inventory

250 +/- 6 Wy, per GPHS module

Delivered Electrical Power

>110 W, at Beginning of Mission

Operate in deep space and on surface of Mars. Mars surface is characterized
as 6-10 torr CO, atmosphere with daily temperatures ranging from 170-270

Environment Kelvin with varying amounts of suspended and deposited dust.
Lifetime Provide power for >14 years.
Operate over a range of 23 — 36 volts (direct current) and provide maximum
power over the life of the mission with a spacecraft bus operating at 28 +/-
Voltage 0.2 volts (direct current).
Reliability Maximize reliability. Avoid single point failures.
As small and lightweight as possible while maximizing specific power
Mass (W, /kg).

Power during launch

Maximize power (power output should be at least 80% of full power) during
launch.

Fit within maximum acceptable envelope for DOE shipping container

Size (USA/9904/B(U)-F-84) used to transport fueled systems.

Operations Allow use on missions involving multiple Venus gravity assist maneuvers.
Design Vibration Load” 0.2 g*/Hz

Design Acceleration Load” 40 ¢g 30 g (assessing to 40 g)

EMI/EMC

Designed to EMI/EMC Standard 461C and meet magnetic requirements of
25 nT at I-meter.

Sterilization (Mars only)

Capable of sterilization to NASA requirements.

Mission-specific Heat Rejection

Allow complete waste heat removal by cooling loops or by radiation heat
transfer to space or any combination of both methods.

Radiation Environment

Withstand radiation environments encountered on surface of Mars

Safety

Minimize impact to safety that components may have on integrity of GPHS
modules and fuel clads during an accident. The generator design in and of
itself shall not impede the free and clear release of GPHS modules under a
reasonable range of inadvertent Earth reentry conditions established jointly
by NASA and DOE. Use of passive design features to facilitate free and
clear release of GPHS modules shall be considered.

*

g = gravitational acceleration

Source: NASA 2004b
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FIGURE 2-3. MULTI-MISSION RADIOISOTOPE THERMOELECTRIC GENERATOR

This FPEIS addresses the MMRTG and SRG through System Development, i.e., through
fabrication and test of the first unit, which for both advanced RPS designs is a Qualification Unit
used in ground testing. The R&D involved in power converter technology extends only up to the
Technology Development or Technology Demonstration phases.

2.1.3 Research, Development and Fabrication of the MMRTG
2.1.3.1 MMRTG Background

The MMRTG design improves upon the technology heritage of previous RTGs (particularly the
SNAP-19 RTG and GPHS-RTGQG) to expand the mission environments in which RPSs could be
used. The SNAP-19 RTG powered the Viking Mars landers and Pioneer interplanetary probes,
while the GPHS-RTG was used on the Galileo mission, and is currently in use on the Ulysses,
and Cassini orbital missions and the New Horizons flyby of Pluto. The MMRTG would use
eight plutonium-fueled enhanced GPHS modules as heat sources. Included with the heat source
would be a device for collecting and venting the helium gas generated from plutonium fuel
decay. The power conversion system would consist of a lead-telluride (PbTe) negative terminal
and a segmented positive terminal consisting of a lead-tin-telluride (PbSnTe) hot segment and
tellurides of antimony-germanium-silver (TAGS) thermocouples capable of converting the decay
heat of the plutonium directly into electricity. These thermoelectric materials are contained
within a sealed converter with an Argon cover gas. Such converter designs have demonstrated
extended lifetime and performance capabilities and have a history of use in diverse environments
ranging from the oxidizing atmosphere of Mars to the vacuum environment of space. In fact,
much of the thermocouple design for the MMRTG is based on the SNAP-19 RTG
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FIGURE 2-4. STIRLING RADIOISOTOPE GENERATOR

thermocouples. Design improvements would give the MMRTG the capability to operate on solar
system bodies with an atmosphere as well as in space for extended periods of time. The
MMRTG would be designed to generate at least 110 W, at launch, with a converter efficiency of
about 6%. The MMRTG would provide a more flexible modular design (compared to the 285
W. GPHS-RTG) and would be better suited to meet the needs of a wider variety of missions.

The design goals for the MMRTG would include ensuring a high degree of safety optimizing
power levels over a minimum lifetime of 14 years, and minimizing weight

(see Table 2-3).

Waste heat from the MMRTG would be dissipated from the converter housing via eight
conductive fins positioned radially around the housing. These fins define an MMRTG
volumetric envelope approximately 69 cm (27 in.) in length and 65 cm (26 in.) in diameter (i.e.,
distance between tips of opposing fins). The mass of each MMRTG unit would be
approximately 45 kg (99 Ib). The housing and fins would be coated with a high emissivity
material to promote heat transfer to the environment. An auxiliary cooling loop running along
the base of each fin could be mated with an external heat removal system for missions or mission
phases requiring active cooling.
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TABLE 2-4. COMPARISON OF ATTRIBUTES BETWEEN THE MMRTG AND THE SRG

Attribute MMRTG SRG
Lifetime Expected to provide long-life power supply
Power Level Modular power in approximately 110 W, increments

Uses 2 GPHS modules containing a total of
Uses 8 GPHS modules containing a total of | 1.2 kg (2.6 1b) of plutonium dioxide (further

Fuel Mass 4.8 kg (10.5 1b) of plutonium dioxide improvements planned)

Conversion

Mechanism Passive system, no moving parts Dynamic system with moving parts
Originally anticipated to be qualified for

Technological Anticipated to be qualified for flight by flight by 2009 (qualification testing has

Readiness 2008 been postponed with no specific date set).

Power conversion technology has been used
for terrestrial applications only, Stirling

Derived from previously flown cryocoolers (with similar dynamic
Flight Heritage | configurations components) have a space flight heritage
Environmental
Compatibility Able to operate in the vacuum of space and on solar system bodies with an atmosphere
Fuel initially provides approximately 2000 Fuel initially provides approximately 500
Wi More excess heat than the SRG. Wi. Less waste heat than the MMRTG.
Potential benefit is mission specific (€.g. Potential benefit is mission specific (e.g.
Thermal heat available if needed to keep electronics | reduced need for auxiliary heat rejection
Characteristics warm). system).
The MMRTG is expected to be heavier than the SRG. Mass of associated support or
interface equipment on spacecraft (e.g. auxiliary heat rejection system, electronics,
System Mass shielding, etc) and level of system redundancy will be mission specific.
Power electronic components may need to
Radiation be radiation hardened or shielded for high
Tolerance High inherent radiation tolerance radiation environments
Low level vibration may transmit to the
mission platform. May need mitigation to
prevent adverse impacts on some science
instruments. Some vibration may not be
Vibration No vibration. mitigable.
Delivers DC power with an AC component.
Creates an AC magnetic field which may
Electromagnetic | Delivers DC power. Creates a DC magnetic | need to be shielded when used with AC
Compatibility field. field-sensitive spacecraft instruments.

Differing quantities and placement of fuel between MMRTG and SRG may impose
differing worker radiation protection requirements during assembly and spacecraft
integration, and differing shielding requirements for radiation-sensitive spacecraft
Radiation Field | instruments.

2.1.3.2 MMRTG Development

In 2003, DOE, with funding from NASA, awarded a contract to Boeing’s Rocketdyne (now Pratt
& Whitney Rocketdyne) division with Teledyne Energy Systems as a major subcontractor to
design, develop, qualify, and produce MMRTGs for consideration for use on future NASA space
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exploration missions. The intent of this effort would be to develop the MMRTG as an option for
potential use on the Mars Science Laboratory, which is being planned for launch as early as
2009. The MMRTG could also serve as an option for other NASA space science missions that
would be launched in 2009 or later. Such use of the MMRTG could require it to operate in
environments more diverse than those encountered previously by the GPHS-RTGs. As
described earlier, the MMRTG would include the enhanced GPHS module, which incorporates
design features intended to reduce the size of a release in the event of an inadvertent reentry and
impact. The MMRTG design would also incorporate those design features.

Much of the MMRTG design, integration, and testing with electrical heaters simulating the
GPHS modules (i.e., Engineering Unit testing) would occur at the Pratt & Whitney Rocketdyne
facilities in Canoga Park, California and the Teledyne Energy Systems facilities in Hunt Valley,
Maryland. Integrating the MMRTG converter with the enhanced GPHS (i.e., fueling the
MMRTG with plutonium dioxide) produces a Qualification Unit. Testing of the Qualification
Unit would occur at the DOE fueling and test facility at INL.

The activities associated with the development of the Engineering Unit (which will not be
radioisotope fueled) are underway. These ongoing activities associated with MMRTG R&D
have been evaluated and were determined to qualify for a Categorical Exclusion under NASA
NEPA regulations at 14 CFR 1216.305 (d) (NASA 2003).

Figure 2-1 illustrates the proposed overall schedule for the MMRTG development efforts.
2.1.3.3 Technology Transition to Flight for MMRTG

In addition to the testing performed by DOE and its contractors, NASA is performing tests
required to establish the technology transition to flight for potential space missions for the
MMRTG. The MMRTG test activities are to be conducted mainly at JPL, but may occur at
other NASA sites as well.

Included in Table 2-5 are some of the future tests planned for the transition to flight effort.
Additional tests beyond those currently planned may be required as part of this effort. All future
planned activities are expected to be performed at existing facilities, although specific test
apparatus may need to be fabricated. All current and future test activities would use electrically-
heated converters when a heat source would be required. No radioisotope fuel would be used for
these tests.

2.1.4 Research, Development and Fabrication of the SRG
2.1.4.1 SRG Background

The SRG is the second of the advanced RPS technologies proposed for development to provide
spacecraft electric power for potential use on future NASA missions. The SRG would build
upon Stirling converters developed previously under NASA and DOE contracts. Efficiency of
the 55 W, Stirling converter has been demonstrated to be in the mid-20% range. Use of two 55
W. Stirling converters in an SRG would provide a total output of about 110 We.

The Stirling converter is a free-piston machine that operates on the Stirling thermodynamic
cycle. Heat is supplied to the converter from an enhanced GPHS module containing
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TABLE 2-5. PLANNED MMRTG AND SRG TEST ACTIVITIES

Test

Key Feature

Durability

Continuous operations test of flight prototypes

Thermal Vacuum

Approximate temperature and pressure conditions associated with operation
in space

Heater head' life
assessment

Creep tests to evaluation the change in Stirling engine heater head
dimensions due to long exposure to operating temperatures

Aging

Evaluation of changes in thermoelectric properties with time

Life testing

MMRTG thermocouple life testing

Evaluate the magnets in the SRG linear alternator for long-term aging

Magnet Aging characterization, magnet strength, and demagnetization resistance.
Long term durability testing of the organic material in the SRG linear
Organic alternator

Material Properties

Sublimation testing of thermoelectric materials

Launch Environment

Structural response to the stresses associated with launch

Source: GRC 2004¢c, NASA 2005d

'The heater head is the thin walled pressure vessel that maintains the temperature differential of the thermodynamic cycle.

approximately 600 g (21 0z) of plutonium dioxide producing about 250 Wy,. The closed-cycle
system converts heat from an enhanced GPHS module into motion of a reciprocating piston,
which drives a linear alternator that produces an alternating current (AC), which a direct current
(DC) converter converts to DC power.

Each 110 W, SRG would require two enhanced GPHS modules, compared to the eight GPHS
modules for the 110 We MMRTG and 18 GPHS modules for the GPHS-RTG (which generates
approximately 285 W,). This SRG is expected to be approximately 104 cm (41 in.) in length and
approximately 29 cm (11 in.) by 38 cm (15 in.) width and height. The mass of each 110 W, SRG
unit would be approximately 34 kg (75 1b). (With the extension of the SRG schedule, NASA
and DOE are modifying the design of the SRG. The new SRG design incorporates more
efficient Stirling engines. This design has the potential to operate at a higher specific power with
greater total electrical power output and reduced size, 72 cm (29 in.) in length, and mass, 21 kg
(47 1b), while still using two GPHS modules as its heat source. This new design would generate
approximately 150 We.)

2.1.4.2 SRG Development

A technology assessment performed by DOE in 1999 determined that the Stirling power
conversion technology had matured sufficiently to initiate development of a flight-qualified SRG
(NASA 2004a). In 2002, DOE, with funding from NASA, awarded a contract to Lockheed
Martin Space Systems Company to design, develop, qualify, and produce SRGs for
consideration for use on future NASA space exploration missions. The NASA Glenn Research
Center (GRC) is also a team member providing technical support to transition the technology to
flight qualification.

2-15



It is expected that some SRG design, integration, and testing of the electrically-heated
Engineering Units would occur at the Lockheed Martin facilities in King of Prussia; and Denver,
Colorado and Stirling convertor subcontractor locations. Fueling with plutonium dioxide and
testing of the Qualification Unit would occur at the DOE fueling and test facility at INL.

The activities associated with the development of the Engineering Unit, which will not be
radioisotope fueled, are underway. These ongoing activities associated with SRG R&D have
been evaluated and were determined to qualify for a Categorical Exclusion (NASA 2003) under
NASA NEPA regulations at 14 CFR 1216.305 (d).

Figure 2-1 illustrates the proposed overall schedule for the SRG development efforts.
2.1.4.3 Technology Transition to Flight for SRG

In addition to the testing performed by DOE and its contractors, NASA is performing tests
required to establish the technology transition to flight for potential space missions for the SRG.
The SRG test activities are to be conducted mainly at NASA GRC, but may occur at other
NASA sites as well.

Included in Table 2-5 are some of the future tests planned for the transition to flight effort.
Additional tests beyond those currently planned may be required as part of this effort. All future
planned activities are expected to be performed at existing facilities, although test specific test
apparatus may need to be fabricated. All current and future test activities would use electrically-
heated converters when a heat source would be required. No radioisotope fuel would be used for
these tests.

2.1.5 Plutonium-238 Importation and Transportation to LANL

Under the Proposed Action, plutonium-238 would be needed for the Qualification Units for both
the MMRTG and the SRG. Over the near term, DOE would continue exercising its option to
purchase Russian plutonium-238 (if available) to meet the needs of potential NASA missions.
Fuel for the first advanced RPS units would likely come from this source.

Over the longer term, DOE intends to reestablish its ability to produce plutonium-238
domestically. The environmental impacts of this option have been evaluated and reported in the
Programmatic Environmental Impact Statement for Accomplishing the Isotope Production
Missions in the United States, including the Role of the Fast Flux Test Facility (DOE/EIS-0310,
December 2000; Records of Decision January 26, 2001 [66 Federal Register (FR) 7877] and
August 13, 2004 [69 FR 50180]) (DOE 2000).

In 1992, DOE signed a five-year contract for the purchase from Russia of up to 40 kg (88 Ib) of
plutonium-238, which was extended by another five years in 1997 (DOE 1997). In February of
2003, DOE agreed to purchase up to 60 million dollars worth of plutonium-238, about 30 kg

(66 1b), from Russia over a five-year period beginning in 2004. DOE anticipates continued
interim purchases of plutonium-238 from Russia pending completion of DOE’s proposed
consolidation of nuclear operations related to production of RPSs (Wahlquist 2002). The DOE
published a notice of availability of a Draft EIS (DOE 2005a) for this purpose in June 2005 (70
FR 38132).

Plutonium-238 purchased from Russia would have to be transported from Russia to a U.S. port
of entry, and thereafter to LANL, where it would be used in the fabrication of fuel for

2-16



radioisotope power systems and heater units. Transportation of the plutonium-238 within the
U.S. would be by truck, using the DOE’s Secure Transportation System (STS) (DOE 1993a).

2.1.6 Plutonium Dioxide Fueled Clad Production at LANL

Fuel fabrication would likely occur at existing facilities at LANL, which are currently used for
fabrication of the fuel for the GPHS modules. All fuel fabrication activities occur in Technical
Area (TA)-55-4, the Plutonium Handling Facility, Building 4.

The plutonium is received at LANL in the form of plutonium dioxide powder. Upon receipt, the
powder is temporarily stored in one of the plutonium process facility vaults. After removal from
the vault, all fabrication operations are performed in glove boxes (airtight enclosures with
independent ventilation that separate workers from equipment used to handle hazardous material
while allowing the worker to use the equipment). The powder is cold compressed and granulated
in preparation for sintering (heating to a high temperature, below the material’s melting point) at
over 2,700 degrees Fahrenheit (° F) (1,500 degrees Celsius (° C)) and hot pressing into a ceramic
pellet form (DOE 1991).

The plutonium dioxide fuel pellet is encased in a welded iridium alloy clad. This process is
performed in a glove box with a helium atmosphere. After surface decontamination, the clad
pellets are tested to ensure that all design specifications are met (DOE 1991). Under the
Proposed Action, LANL would process enough plutonium dioxide fuel (less than 10 kg (22 1b))
for two Qualification Units, one each for the MMRTG and the SRG.

2.1.7 Advanced RPS Operations at INL

Fueling of the MMRTG and SRG Qualification Units, integration of the fabricated fueled clads
with the enhanced GPHS modules and integration of the modules with the MMRTG and SRG
converters, would occur at INL. The integration and fueling activities would be conducted at
currently existing and operating facilities. After integration and fueling, acceptance and
qualification testing would be performed in currently operating facilities.

Each generator would undergo a series of acceptance tests. These tests would be expected to be
similar to those performed for past missions such as the Cassini mission (DOE 2002b; Lockheed
Martin 1998; Lockheed Martin 1997). Following fabrication, each generator would be processed
and tested with an electric heat source in the loading and assembly station. The generator would
then be shipped to an INL RPS assembly facility for fueling by insertion of the GPHS modules
into the generator.

The RPS fueling operation would be performed in the Space and Security Power Systems
Facility at INL. After fueling, the Qualification Unit would undergo a series of tests to confirm
that the design meets flight requirements. The actual tests required would vary depending on the
system requirements. Typically, these tests have been designed to verify the performance of the
systems under a variety of conditions, including vacuum to simulate a space environment and
significant vibration levels similar to those that would be encountered during launch. Basic
system parameters are also measured, including mass properties, magnetic properties, and
electrical performance.
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2.1.8 Advanced RPS Safety Testing

The data obtained over a nearly 30-year test program by the DOE provide a detailed database to
support computer modeling of the behavior of the GPHS module under severe accident
conditions. Test data are used to calibrate three-dimensional, numerical models that predict the
behavior of the GPHS modules and the distortion of the fueled clads. DOE would use these
techniques to support detailed evaluation of the effects of launch accidents on the GPHS. Safety
analyses prepared during the development of the advanced RPSs would be based on such test
data and modeling. Additional safety testing of the MMRTG and SRG configurations may be
necessary to support the safety analyses. However, such testing is not planned at this time, as it
is not known if such testing would be necessary to support the DOE safety analyses.

2.1.9 End Use of Advanced RPSs

This FPEIS addresses the development and fabrication of two advanced RPS designs, but does
not encompass the use of an advanced RPS on a mission, nor transportation of the advanced RPS
to the launch site. Launch and flight activities would be the subject of future NEPA
documentation. However, Section 4.1.7 qualitatively addresses the potential impacts of use of an
advanced RPS. A brief description of the end use activities is provided here.

An advanced RPS, after passing acceptance testing, would be shipped to the launch site (e.g.,
Kennedy Space Center) and temporarily stored. The advanced RPS would be integrated with the
spacecraft, typically a few days prior to launch. Missions that would consider the use of an
advanced RPS would typically be solar system exploration missions. After launch, the
spacecraft, with the advanced RPS, would be placed into a trajectory consistent with the mission
design and would not be expected to return to Earth.

2.2 DESCRIPTION OF THE NO ACTION ALTERNATIVE

The only alternative to the Proposed Action that is evaluated is the No Action Alternative in
which NASA would forego development of the MMRTG and the SRG. Under the No Action
Alternative, NASA would continue to consider for use the current space-proven DOE systems;
the RHU, which supplies about 1 Wy,; and the GPHS-RTG that provides roughly 285 W. in a
space environment only, not for extended periods on the surfaces of solar system bodies that
have an atmosphere. However, DOE’s GPHS-RTG production line is no longer operative and
would require reactivation, which may necessitate additional environmental evaluations.

In addition to considering systems that use the GPHS-RTG, NASA will continue to pursue the
R&D of radioisotope power systems and power converter technologies (see Section 2.3 for a
detailed discussion).

Selection of the No Action Alternative potentially affects the science return of future NASA
missions by eliminating from consideration for use potential power sources that have greater
operational capabilities (i.e., operate on solar system bodies that have an atmosphere, provide
improved modularity). The launch frequency and potential environmental impacts could be
similar to or less than those in the Proposed Action. As with the Proposed Action, launch and
flight activities under the No Action Alternative would be the subject of future NEPA
documentation. The potential impacts associated with the end use of the GPHS-RTG, and the
MMRTG and SRG if the Proposed Action is implemented, would depend upon the number of
missions that ultimately select an RPS as a power supply. Historically, NASA has launched a
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mission using an RPS only once every several years. The frequency of future RPS-powered
missions would be influenced by several factors, including; future NASA mission priorities,
budgetary considerations, and the types of science and exploration missions that could be
enabled by an RPS. As indicated above, under the No Action Alternative fewer types of
missions are enabled by the GPHS-RTG than would be enabled by the MMRTG and SRG under
the Proposed Action. Should NASA choose to retain the option to use the GPHS-RTG, DOE
would continue to import plutonium-238 from Russia in support of NASA missions. Plutonium
fuel fabrication activities in support of NASA and other clients at LANL could continue, as
would the RTG assembly and test activities at INL, however, all activities associated with the
development and testing of the MMRTG and the SRG Qualification Unit would not be required.
These required activities would be nearly identical to the activities described in Sections 2.1.5,
2.1.6,2.1.7, and 2.1.9. The amount of plutonium dioxide needed in support of this alternative
would depend on how many missions NASA identifies that could use a GPHS-RTG and
ultimately how many of these missions select this RTG to meet mission electric power
requirements.

2.3 ON-GOING NASA RESEARCH & DEVELOPMENT ACTIVITIES

On-going NASA radioisotope power technology systems and power conversion technology
R&D activities encompass research into radioisotope power conversion technologies including
efforts that could improve MMRTG and SRG capabilities. These activities will not be affected
by the decisions either to select the Proposed Action or the No Action Alternative. The power
converter technology R&D efforts have applicability to both nuclear and non-nuclear power
systems. Included in the radioisotope power technology systems research is R&D for small
RPSs that are based on the GPHS and the RHU (see Figures 2-5 and 2-6). NASA will pursue
efforts focused on longer-term improvements in radioisotope power conversion technologies that
could:

e Increase power conversion efficiency — reducing the quantity of plutonium-238 required per
unit power,

Reduce mass,

Increase specific power (W/kg),

Increase reliability, lifetime, and operability,

Operate in harsh environments,

Improve multi-mission capability, and

Increase mission power system flexibility.

NASA is pursuing the development of these potential advances through (1) NASA Research
Announcements (NRAs) with private industry and academia for the development of radioisotope
power conversion technologies and (2) direct funding of NASA centers for RPS Advanced
Technology Development.

2.3.1 Radioisotope Power Conversion Technology NASA Research Announcements

The radioisotope power conversion technology development effort encompasses NASA’s R&D
efforts directed toward improved power conversion technologies that make use of either GPHS
modules or RHUs as a heat source. NASA has entered into a series of research agreements with
private industry and academic institutions. Under these agreements, the research teams perform
fundamental research into power conversion technologies with the goal of developing more
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efficient and reliable types of RPSs. In the past, NASA has entered into agreements to research
advancements in power conversion technologies (see Table 2-6). Over the next several years, it
is possible that NASA may enter into additional research agreements as new technologies
develop (GRC 2004a).

TABLE 2-6. NASA RESEARCH FOR RADIOISOTOPE POWER CONVERSION

TECHNOLOGY
Technology Research Goals
Advanced Thermoelectric To improve efficiency, operating ranges, survivability, and flexibility

Conversion by

Evaluating the advantages of segmenting negative and positive-type
thermoelectric materials.

Investigating mass optimization.

Developing cascaded superlattice based modules, which could use one
or more RHUs, with increased energy conversion efficiencies to
produce from a few to several hundred milliwatts of electrical energy.

Investigating high temperature operation.
Investigating quantum well material technologies.

Advanced Stirling Converters To evaluate advanced materials, concepts, microfabrication techniques,
and analytical techniques to improve converter efficiency while
maintaining high reliability.

Thermophotovoltaic Power To produce an RPS which could combine GPHS modules with
Conversion thermophotovoltaic (TPV) power convertors with increased conversion
efficiency (as much as a 50% increase over state-of-the-art technology)
to produce on the order of 100W,. Improvements to the performance
of 1) PV cells, 2) TPV filters, 3) emitter, and 4) materials required to
reduce the thermal radiator size are being investigated.

Brayton Power Converter To develop and demonstrate an advanced Turbo-Brayton Power
System. Initial efforts are to develop a light weight system which
could produce 60 to 90 W, from heat supplied by a single GPHS. The
predicted system efficiency is greater than 25%; 36% for deep-space
missions.

Source: GRC 2004a

All of these efforts are technology demonstrations and not intended, at this time, to result in the
development of a fully qualified RPS. These research efforts use an alternative heat source,
typically electrical heaters, and not a radioisotope heat source.

2.3.2 Converter Technology Development at NASA Facilities

In addition to the NRAs, NASA is pursuing improvements to converter technologies through
research at both NASA GRC and JPL. The current focus of the effort at GRC is the
development of higher efficiency Stirling generators. This could enable development of an SRG
with lower mass, improved performance, and higher specific power. A low mass prototype
Stirling generator has been developed, and testing has begun (NASA 2004a). The effort at JPL
focuses on the development of higher efficiency thermoelectric technologies for potential use in
a future RPS design. The research focuses on developing advanced thermoelectric materials that
could provide higher overall converter efficiency than currently available with the legacy
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devices. This approach and advanced designs may also have the potential to reduce mass of
these devices. This advanced technology research does not involve the use of the radioisotope
heat sources. Alternative heat sources, typically electrical heaters, are used in the research phase.

2.3.3 Facilities Involved

Activities associated with the development, testing, and verification of the power conversion
systems (not using plutonium fuel) could be performed at one or more existing facilities
including, but not limited to, NASA facilities including GRC at Lewis Field, Cleveland, Ohio
and JPL in Pasadena, California; several commercial facilities; and educational institutions.
When a heat source is required for any of these activities, an alternative heat source, such as an
electric heater, would be used. No radioisotope fuel would be used at these facilities.

24 ALTERNATIVES CONSIDERED BUT NOT EVALUATED FURTHER

This section discusses alternatives that were considered but were not evaluated further because
these technologies/devices did not fully meet the requirements set forth in Purpose and Need (see
Sections 1.2 and 1.3). These alternatives include the consideration of the development of
alternative radioisotope power converter technologies for the approximately 100 W, advanced
RPS, the development of alternative converter technologies that would not make use of a
radioisotope heat source, and modifying the GPHS-RTG for surface missions where an
atmosphere is present.

2.4.1 Alternative Advanced RPS Concepts Including Developing only the MMRTG or the
SRG

NASA considered the following alternative approaches for near-term advanced RPSs: (1)
developing a single power system concept rather than both the MMRTG and SRG systems and
(2) developing power systems using alternative power conversion technologies (i.€., other than
free piston Stirling and flight-qualified thermoelectrics) for use on near-term missions.

The MMRTG and SRG designs were judged most able to meet the schedule demands of near-
term NASA mission requirements. As such, they were selected for development as part of the
Proposed Action. Although the MMRTG is not considered to employ power conversion
technology as advanced as others described in this section, the MMRTG represents a "high
confidence" solution in that it uses existing GPHS and flight-qualified converter technologies.
The SRG represents a class of advanced converter technologies offering significantly higher
heat-to-electric power conversion efficiency. Pursuing two advanced RPS designs, rather than
one, will potentially provide assurance that NASA would have the following options for future
missions: (1) a power system that has demonstrated capabilities and (2) one that should have
higher power conversion efficiency than the RTGs used on past missions. Additionally, the two
designs possess characteristics that could make one or the other better suited for specific future
missions (see Table 2-4). The Proposed Action to pursue development of both designs, rather
than one or the other, is based on the combination of a high confidence design (with the
MMRTGQG), potential increases in advanced RPS efficiency (with the SRG) and creation of
flexibility in power system options for future missions.

Alternative technologies considered included the Alkali Metal Thermal to Electric Converter
(AMTEC), Thermo-photovoltaic (TPV), and segmented thermoelectric technologies. All of
these alternative converter technologies show promise for higher power conversion efficiencies
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than those available with the previous state-of-the-art flight-qualified SiGe and the PbTe/TAGS
thermoelectric converters.

The AMTEC uses sodium (in vapor and liquid form) and a material known as BASE (beta
alumina solid electrolyte) to convert heat (from the GPHS) to electricity. NASA and DOE
attempted to develop an AMTEC device for space applications and determined that this
technology could not be made ready within given parameters. The main issues that needed to be
addressed included material thermal compatibility issues and sodium leakage (inadequate seals
around the BASE material due to material compatibility and lifetime issues) (NASA 2001).

The TPV devices produce electricity from infrared radiation (heat from the GPHS). To achieve a
reasonable efficiency, a large radiator system would be needed to maintain the relatively low
temperatures required for efficient TPV cell operation. The size of the radiator, degradation of
the TPV cell (a lifetime issue), compatibility with the GPHS module, and space qualified TPV
cell materials need further development (NASA 2001).

Segmented thermoelectric technology makes use of the temperature effects to improve the
performance of thermoelectric devices. A key issue associated with developing the combination
of materials to be used, is to select materials that can be mated together with little electrical
resistance while retaining structural integrity of the device (NASA 2001).

The Stirling free piston engine was made a part of the Proposed Action rather than these
alternative technologies (e.g., AMTEC, TPV, segmented thermoelectrics) as it was the only
advanced power conversion technology considered sufficiently mature to be made flight ready
within a reasonable time-frame. The technological issues associated with the development of the
RPSs utilizing alternative converter technologies suggested that they could not be developed in
time to support NASA’s near term exploration goals. However, development efforts for
converter technologies not selected to be incorporated into the advanced RPS systems have not
been abandoned. As part of their power conversion R&D efforts, NASA will continue to fund
the development of alternative power conversion technologies which have the potential to
improve the efficiency of future flight power systems

2.4.2 Modified GPHS-RTG

A modified GPHS-RTG design was an option when considering thermoelectric designs for the
advanced RPS. NASA, in evaluating the various RPS designs, decided that only one RTG
design would be considered for development. The assessment of the potential for successful
development resulted in the selection of the MMRTG over other RTG designs, including a
modified GPHS-RTG.

The GPHS-RTG used on previous orbital and flyby missions, i.e., in the absence of an
atmosphere, could be modified for use on surface missions where an atmosphere is present.
Potential modifications to the GPHS-RTG would focus on preventing atmospheric contact with
internal components susceptible to degradation (such as the multi-foil insulation or
thermocouples) or replacing or coating components with materials that would not readily
degrade in the atmosphere. While both of these approaches have merit, a number of engineering
concerns (including mass and material compatibility) and the need to reinstate manufacturing
capabilities, including restarting currently closed production lines, would have to be considered.

2-23



In addition, a modified GPHS-RTG (producing between 250 and 300 W.) would not meet
NASA’s goal of enhanced flexibility in powering missions.

2.4.3 Develop Only Non-Radioisotope Power Systems

Several respondents to the Notice of Intent (69 FR 21867) and the Notice of Availability (71 FR
625) for the DPEIS suggested that NASA not develop advanced RPSs and instead use only solar
or other non-nuclear power sources for future solar system exploration. Solar energy has been
used for most U.S. space applications, and it is usually the preferred choice of mission planners
because solar power convertors (solar arrays) are typically readily available and easier to
incorporate into a mission than RPS-powered devices. However, for many solar system
exploration missions the current state of solar power technology is not adequate. For example,
for the deep-space Cassini mission, the weight of the solar array would have made launch
impossible with existing launch vehicles and control of the massive solar panels untenable if
launch hurdles could have been overcome (NASA 1997). Similar technical barriers faced
planners for the Pluto New Horizons mission to Pluto and the Kuiper Belt, and the use of solar
power was determined not to be feasible (NASA 2005¢).

The use of solar power and further development efforts have not been abandoned, NASA will
continue to consider solar power as an option for any future missions. For example, the currently
operating Mars Exploration rovers, Spirit and Opportunity, rely on solar panels for primary
power supplemented by batteries and the proposed New Frontiers Juno mission to Jupiter will
use solar power. Research continues on a host of advanced solar power technologies, including;
high efficiency solar cells, solar concentrators, low-intensity low-temperature solar cells, solar-
driven Stirling or Brayton converters, and solar collector technology. These technologies are
intended to address the limitations identified by NASA for solar power use on extended Mars
surface exploration and for missions to the outer planets.

For missions to the outer planets these limitations include:

e Decreased effectiveness as distance from sun increases (need for large solar arrays for
missions to outer planets),

e Large structures impact the ability of spacecraft to perform mission
— obstruction of view
— difficulty in orienting the spacecraft,

e Need to orient solar array toward sun most of the time, and

e Degradation in high radiation environments.

When considering solar power for an extended Mars surface mission, NASA identified the
following limitations:

e Intermittent Operation,

e Limited lifetime due to system degradation from dust,

e Battery cycle life,

e Seasonal variations in solar incidence,

e Interruption of power production by dust storms,

e System inoperability at certain locations (€.g., in canyon shadows).
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2.5 COMPARISON OF ALTERNATIVES INCLUDING THE NO ACTION
ALTERNATIVE

This section summarizes and compares the potential environmental impacts of the Proposed
Action and the No Action Alternative. The anticipated impacts associated with implementation
of the Proposed Action and the No Action Alternative are presented in Tables 2-7 and 2-8.

Table 2-7 compares the Proposed Action and the No Action Alternative from an overall,
programmatic perspective. Potential impacts from the near-term and long-term perspective are
provided. The long-term perspective is included to address the potential for impacts associated
with reasonably foreseeable future actions, but is not within the scope of this FPEIS. Table 2-8
provides a comparison of potential environmental impacts in implementing the Proposed Action
or the No Action Alternative.

Implementation of the Proposed Action would entail the fabrication and manufacture of the
advanced RPSs. Fabrication and manufacture of the advanced RPSs would be undertaken at
government and commercial facilities, where such actions would be considered routine and
within the normal scope of activities at these facilities.

Under the No Action Alternative, NASA would continue to plan missions with the GPHS-RTG
as a viable alternative for the mission power supply. However, implementing the No Action
Alternative would entail restarting the GPHS-RTG production line. DOE could continue to
fabricate the GPHS fuel at LANL and assemble and test the GPHS and GPHS-RTG at INL.
Long-range R&D activities discussed in Section 2.3 will continue. The GPHS-RTG has been
manufactured for well over 20 years, and the environmental impacts associated with its
production are well known.

The RPS production requirements for NASA are only a part of the DOE mission with regards to
RPS production. Therefore, the types of impacts at DOE sites associated with RPS production
would be incurred regardless of NASA’s decision to pursue development of advanced RPS
designs. Therefore, it is anticipated that the existing conditions and potential environmental
impacts at the respective sites (LANL and INL) would mostly remain unchanged with
implementation of either the Proposed Action or the No Action Alternative.

2-25



TABLE 2-7. COMPARISON OF POTENTIAL IMPACTS OF ALTERNATIVES - PROGRAMMATIC PERSPECTIVE

Activity

Potential Impacts of Implementing the Proposed Action

Potential Impacts of the No-Action
Alternative'?

Development and Production of MMRTG

and SRG, including:

R&D on MMRTG and SRG advanced RPS
power converter concepts

No substantial impacts associated with ongoing R&D in existing NASA,
university, and commercial facilities

None

Testing of advanced RPS power converters
at full power (without radioisotope fuel) to
simulate to the extent practicable, space

conditions including operation in a vacuum

Minor impacts associated with R&D at existing NASA, university, and
commercial facilities; some modifications and/or expansion of facilities may
be required

None - Possible testing of modifications
to the existing GPHS-RTG

Importing and transporting Pu-238 from
Russia to LANL

Radiological dose from importing up to 40 kg (less than 10 kg would be
required for the Proposed Action): to transportation workers-2.6 person-rem;
to the public-4.5 person rem; or 1.1x10~ and 2.3x107 latent cancer fatalities,
respectively. Accident risks 1x10™ latent cancer fatalities among workers
and the public from transportation accidents associated with the importation.

Impacts would be similar to Proposed
Action’

Purification and encapsulation of fueled
clads at LANL or at INL

LANL national security and space related plutonium-238 fuel pellet
fabrication operations:

Minimal releases (on the order of 1x10™® curies per year) to the environment
with an estimated 1.8x107 person-rem/yr (or 3.8x107 latent cancer fatalities
over the 35 year operating life) and a dose to the maximally exposed member
of the public of 1x10™ rem/yr.

Workers: 19 person-rem/yr with an average worker dose of 0.24 rem/yr.
Accident risks: a maximum annual cancer risk of 2.5x10 for the surrounding
population.

Radiological risks to the public associated with accidental releases from RPS
related activities also are a small contributor to the overall risks associated
with operations at the site. Worker exposures from some accidents could be
in excess of occupational dose limits for some site workers.

Radiological Wastes: about 13 cubic meters of transuranic waste and 150
cubic meters of low-level radioactive wastes per year.

Impacts would be similar to Proposed
Action®
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TABLE 2-7. COMPARISON OF POTENTIAL IMPACTS OF ALTERNATIVES - PROGRAMMATIC PERSPECTIVE

(CONTINUED)

Activity

Potential Impacts of Implementing the Proposed Action

Potential Impacts of the No-Action
Alternative'?

Assembly and testing of radioisotope
fueled advanced RPS Qualification Units
at INL

INL national security and space related plutonium-238 RPS assembly
operations’:

Minimal expected releases (with an estimated 1.7x10°® person-rem/yr (or
3.5x10™® Latent Cancer Fatalities over the 35 year operating life) and a dose to
the maximally exposed member of the public of 1.4x10"° rem/yr).

Workers: 1.2 person-rem/yr with an average worker dose of 1.7x10 rem/yr.
Accident risks: a maximum annual cancer risk of 2.6x10™ for the surrounding
population.

Radioactive wastes: a minimal amount of transuranic waste and 1 cubic meter
of low-level radioactive wastes per year.

Negligible radiological impacts to the
public from normal operations and
potential accidents

Advanced RPS Safety Testing Activities

Testing with fuel simulants, if needed, no substantial impacts, could result in
minor radiological impacts.

No substantial impacts - Possibly minor
if additional testing of GPHS-RTGs is
required at DOE facilities

Development of Advanced Converter Technology, including:

R&D on specific advanced RPS power
converter concepts (without radioisotope
fuel)

No substantial impacts associated with ongoing R&D at existing NASA,
university, and commercial facilities’

Same as the Proposed Action

Testing of advanced power converters at
full power (without radioisotope fuel) to
simulate to the extent practicable, space
conditions including operation in a vacuum

No substantial impacts associated with R&D at existing NASA, university,
and commercial facilities; some modifications and/or expansion of facilities
may be required’

Same as the Proposed Action

Reasonably Foreseeable Future Actions™®:

Importing and transporting Pu-238 from
Russia to LANL

See same section above under Development and Production of
MMRTG/SRG’. Impacts would be similar.

Impacts would be similar to Proposed
Action’

Purification and encapsulation of fueled
clads at LANL or at INL

See same section above under Development and Production of
MMRTG/SRG". Impacts should be similar.

Impacts would be similar to Proposed
Action®

Assembly and testing of radioisotope
fueled advanced RPS Qualification Units
at INL

See same section above under Development and Production of
MMRTG/SRG. Impacts would be similar.

Negligible radiological impacts to the
public from normal operations and
potential accidents.
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TABLE 2-7. COMPARISON OF POTENTIAL IMPACTS OF ALTERNATIVES - PROGRAMMATIC PERSPECTIVE

(CONTINUED)

Activity

Potential Impacts of Implementing the Proposed Action

Potential Impacts of the No-Action
Alternative'?

Advanced RPS Safety Testing Activities

No substantial impacts - Possibly minor if additional testing is required at
DOE facilities

No substantial impacts - Possibly minor
if additional testing of GPHS-RTGs is
required at DOE facilities

R&D on specific power converter concepts

No substantial impacts associated with R&D at existing NASA, university,
and commercial facilities’

Same as the Proposed Action

Testing of the advanced RPS at full power
(with radioisotope fuel) to simulate to the
extent practicable, space conditions
including operation in a vacuum

No substantial impacts associated with additional longer-term operation of
test facility

Impacts associated with: Importing plutonium, Fueled clad production, RPS
assembly and test

Same as the Proposed Action

Launch and mission operation

No long term impacts from normal launch. Impacts dissipate soon after
launch. Accident risks addressed in mission-specific NEPA analysis and
documentation

Same as the Proposed Action

1. Overall demand for Pu-238 and corresponding impacts depend upon the number of GPHS-RTG powered missions identified. Overall production and
use would not exceed the production rates identified in DOE’s The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a).

2. The DOE NEPA process for the consolidation of plutonium operations for the production of RPSs is ongoing (DOE 2005a). Impacts presented in the
table are for the No Action Alternative of that document.

3. Under the Proposed Action of DOE’s The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear Operations Related to the
Production of Radioisotope Power Systems (DOE 2005a) the shipment of Russian plutonium would be to INL instead of LANL as under the No Action

Alternative in that EIS.

4. Under the Proposed Action of DOE’s The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear Operations Related to the
Production of Radioisotope Power Systems (DOE 2005a) fueled clad production occurs at INL. Impacts at INL would be similar to those at LANL

under the Proposed Action.

5. These activities are the subject of a Categorical Exclusion determination. (NASA 2004c)

6. Overall demand for Pu-238 and corresponding impacts depend upon the type and number of RPSs used. Overall production and use would not exceed
the production rates identified in DOE’s The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear Operations Related to
the Production of Radioisotope Power Systems (DOE 2005a).

7. These consequences are the result of all Pu-238 RPS-related activities at INL.
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TABLE 2-8. COMPARISON OF POTENTIAL IMPACTS OF ALTERNATIVES -
ENVIRONMENTAL MEDIA

Impact Category

Implementation of the No Action
Alternative

Implementation of the Proposed
Action

Land Resources

No changes to land use and no
adverse impacts to land resources
are anticipated at any project site.

Same as the No Action Alternative

Air Resources —
Non Radiological

No long-term impacts are
anticipated at any project site. Air
pollutant releases are anticipated to
be within permitted limits.

Same as the No Action Alternative

Air Resources - Radiological

Some release of radioactive air
pollutants at LANL, less than
microcurie quantities of plutonium-
238. No impacts are anticipated at
other project sites.

Same as the No Action Alternative

Water Resources

No change to existing water usage
is expected at any project site.

Same as the No Action Alternative

any project site. No adverse
impacts are anticipated.

Ambient Noise No change to existing conditions at | Same as the No Action Alternative
any project site. Noise levels are
expected to be within prescribed
ranges.

Geology and Soils No change to existing conditions at | Same as the No Action Alternative

Biological Resources

No change to existing conditions at
any project site.

Same as the No Action Alternative

Socioeconomics

No long-term impacts are
anticipated. Minor increase in
economic activities at the project
areas is possible.

Same as the No Action Alternative

Cultural Resources

No adverse impacts are anticipated
at any project site.

Same as the No Action Alternative

Hazardous and Radioactive
Waste

Slight increase to hazardous waste
quantities at project sites. Slight
increase in radioactive waste limited
to LANL.

Same as the No Action Alternative

Transportation of
Radioisotope Components

Health risks from normal transport
and accidents is expected to be less
than 1 latent cancer fatality.

Same as the No Action Alternative

Human Health

No nonradiological health impacts
are anticipated. See Table 2-7 for
radiological impacts to workers and
public at LANL and INL.

Same as the No Action Alternative

NOTE: The impacts identified in this table are those from the implementation of the Proposed Action or the No

Action Alternative including, for both of the alternatives, the potential environmental impacts of RPS production for
actual space missions. If the environmental impacts associated with RPS production for actual space missions are

not included, there are no impacts for the impact categories of Air Resources - Radiological, Radioactive Waste,
Transportation of Radioisotope Components, and Human Health under the No Action Alternative.
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3 DESCRIPTION OF THE AFFECTED ENVIRONMENT

This chapter provides a summary of the environment at U.S. Government and commercial
facilities where development, fabrication, assembly, testing, and verification would occur. The
development of the advanced Radioisotope Power Systems (RPS) would occur in parallel with
the ongoing operations at the U.S. Department of Energy (DOE) facilities associated with the
processing and fabricating of non-weapons grade plutonium-238 (Pu-238) dioxide fuel.
Fabricating the fuel and developing, assembling, testing, and safety testing the completed
advanced RPSs would occur only at government facilities. Development of the power
conversion systems would occur at a combination of government and commercial facilities. See
Table 3-1 for a list of government and commercial facilities and the anticipated activities of each
organization. Figure 3-1 provides the locations of these facilities.

The affected environment for the DOE facilities have been thoroughly addressed in the DOE’s
existing and approved National Environmental Policy Act of 1969, as amended (NEPA)
documentation for the respective facilities/sites. These documents are briefly summarized by
NASA in Sections 3.1 through 3.3. Sections 3.4 through 3.7 address the affected environment at
other government, NASA, and commercial facilities. Though no space launches with advanced
RPSs would occur under this Final Programmatic Environmental Impact Statement (FPEIS), it is
reasonable to believe that should NASA proceed with the Proposed Action and the Multi-
Mission Radioisotope Thermoelectric Generator (MMRTG) and/or the Stirling Radioisotope
Generator (SRQG) are ultimately developed, missions that could use the advanced RPS would be
developed. Such actions would be the subject of additional NEPA documentation.

The affected environments at the government facilities cited in this FPEIS have been discussed
in NEPA documents and other institutional documents such as the Integrated Natural Resources
Management Plan (INRMP) and the Environmental Resources Document (ERD) for the
respective facilities. The following documents were used as primary sources to summarize the
affected environments at the respective facilities. The Site-Wide EIS for the Continued
Operations of the Los Alamos National Laboratory (DOE 1999a); the Advanced Mixed Waste
Treatment Project Final EIS (DOE 1999b); the Final Sandia National Laboratory Site-Wide EIS
(DOE 1999¢); the Final Programmatic EIS for Accomplishing Expanded Civilian Nuclear
Energy Research and Development and Isotope Production Missions in the U.S., including the
Role of the Fast Flux Test Facility (DOE 2000); the Final Environmental Assessment for the
Future Location of Heat Source/Radioisotope Power System Assembly and Testing and
Operations Currently Located at the Mound Site (DOE 2002b); the Idaho High-Level Waste and
Facilities Disposition Final EIS (DOE 2002c¢); and the Draft Environmental Impact Statement
for the Proposed Consolidation of Nuclear Operations Related to Production of Radioisotope
Power Systems (DOE 2005a) were used for the DOE facilities. The Final INRMP for the U.S.
Army’s Aberdeen Proving Ground (APG) (DOD 2001b) was used for that facility. The ERDs
for the NASA Glenn Research Center (GRC 2005) and the Jet Propulsion Laboratory (JPL 2002)
were used for those facilities.
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TABLE 3-1. ADVANCED RPS ACTIVITIES AND ASSOCIATED FACILITIES

Entity Facility Location Activities
Los Alamos National Laboratory (LANL), Process and fabricate Pu-238
Los Alamos, New Mexico fuel.
DOE Idaho National Laboratory (INL), Idaho Assemble and test advanced
Falls, Idaho RPSs.
Sandia National Laboratory (SNL),
Government Albuquerque, New Mexico Test simulant-fueled advanced
Facilities : RPS
DOD/Arm Aberdeen Proving Ground (APG), 8.
Y Aberdeen, Maryland
Glenn Research Center (GRC), Cleveland,
Ohio
NASA .
Jet Propulsion Laboratory (JPL), Pasadena,
California

Commercial Facilities

Pratt & Whitney Rocketdyne, Canoga Park,
California

Teledyne Energy Systems, Hunt Valley,
Maryland

Lockheed Martin, King of Prussia,
Pennsylvania; and Denver, Colorado

Develop, test, and verify the
power conversion systems.

Lockheed
Martin

Pratt & Whitney
Rocketdyne

Jet Propulsion
Laboratory

Sandia National
Laboratory

Idaho National
Laboratory

Los Alamos
National
Laboratory

Lockheed
Martin

Aberdeen
Proving
Ground

Teledyne
Energy
Systems

FIGURE 3-1. LOCATIONS OF FACILITIES

3-2




3.1 DOE’S LOS ALAMOS NATIONAL LABORATORY, LOS ALAMOS, NEW
MEXICO

The affected environment for Los Alamos National Laboratory (LANL) is described in detail in
existing DOE NEPA documentation, e.g., the Environmental Assessment for Radioisotope Heat
Source Fuel Processing and Fabrication (DOE 1991), the Site-Wide Environmental Impact
Statement for Continued Operation of the Los Alamos National Laboratory (DOE 1999a), and
the Environmental Impact Statement for the Proposed Consolidation of Nuclear Operations
Related to the Production of Radioisotope Power Systems (DOE 2005a), which bounds the
activities at the facility supporting the Proposed Action of this FPEIS. Relevant information
from these documents is incorporated by reference and NASA’s summary of those documents is
found below. Current plutonium-238 operations include fabricating and encapsulating the
plutonium-238 pellets; storage of oxide, storage of scrap, and storage of waste from the Cassini
mission; and preparations for operation of a new aqueous scrap processing system for plutonium-
238 materials for future missions. NASA’s summary of those documents is found below.

The area encompassed by the LANL is divided into separate areas called Technical Areas (TA).
TA-55, the plutonium handling facility is located in a secure area in the west-central portion of
LANL. Plutonium-238 operations are performed in building TA-55-4. TA-55 provides research
and applications in chemical and metallurgical processes for recovering, purifying, and
converting plutonium and other actinides into many compounds and forms, as well as research
into material properties and fabrication of parts for research and stockpile applications.
Plutonium-238 operations include fabricating and encapsulating the plutonium-238 pellets for
the GPHS modules; storage of oxide, scrap, and waste from past missions; and preparations for
operation of a new aqueous scrap processing system for plutonium-238 materials for future
missions (DOE 2005a).

3.1.1 Land Resources

The LANL is approximately 10,716 hectares (ha) (26,480 acres (ac)) in area and is located north-
northeast of Albuquerque, New Mexico and occupies about 86 percent of Los Alamos County
with the remaining area in Santa Fe County. The region has a diverse ecosystem characterized
by forested areas with mountains, low-lying meadows, mixed grass, shrubs, savannah land,
canyons, cliffs, and valleys with the Rio Grande Valley as the eastern border about 1,981 meters
(m) (6,500 feet (ft)) above sea level and the Pajarito Mountain as the western border about 3,048
m (10,000 ft) above sea level. Land use at LANL is managed as technical areas with buildings,
structures, utilities, and roadways. Land use is categorized as support facilities, research and
development (R&D), R&D/waste disposal, explosives, explosives/waste disposal, and buffer
(DOE 2005a).

The LANL is a multidisciplinary, multipurpose institution involved in theoretical and
experimental R&D activities in national problems in energy, environment, infrastructure and
health security, including design and development of nuclear weapons (DOE 1999a).

3.1.2 Air Resources

Climate: The climate at Los Alamos can be characterized as semi-arid, temperate mountain
climate with annual precipitation ranging from 25 to 51 centimeters (cm) (10 to 20 inches (in.))
and annual temperature ranging from about 17.4 to 80.6 degrees Fahrenheit (°F) (-8 to 27 degrees
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Celsius (°C)). Over one-third of the annual precipitation occurs from thundershowers in July and
August. About 150 cm (59 in.) of snow falls annually during the winter months. Wind speeds
vary during the year with an average speed of about 11.3 kilometers per hour (km/hr) (7 miles
per hour (mph)) (DOE 2005a).

Non-Radiological Air Quality: Air quality is regulated through the National Ambient Air
Quality Standards (NAAQS) promulgated under the CAA, as amended (42 U.S.C. 7401 et seq.).
Under NAAQS, Federal primary and secondary air quality standards are established for six
criteria pollutants: carbon monoxide (CO), lead (Pb), nitrogen dioxide (NO,), ozone (O3),
particulate matter (PM;¢/PM; s), and sulfur dioxide (SO;). Primary standards set limits to protect
public health, including the health of sensitive populations such as asthmatics, children and the
elderly. Secondary standards set limits to protect public welfare, including protection against
decreased visibility, damage to animals, crops, vegetation, and buildings from any known or
anticipated adverse effects of a pollutant (EPA 2004a).

Air quality in New Mexico is controlled on a regional basis and parameters such as climate,
meteorology, topography, vegetation, land use, population, and growth projections are
considered when setting air quality control regions. An air quality control region may include
whole or parts of counties. LANL is in the Upper Rio Grande Valley Intrastate Air Quality
Control Region and this region includes all of Los Alamos, Santa Fe, and Taos Counties and a
portion of Rio Arriba County (NMED 2004b). Air quality at LANL is classified as in attainment
or unclassifiable with respect to the NAAQS (EPA 2005; EPA 2004c). LANL has an approved
CAA Title V Operating Permit from the New Mexico Environment Department (DOE 2005a;
NMED 2004a).

Radiological Air Quality: All room air from the plutonium processing areas flows through two
banks of high efficiency particulate air (HEPA) filters before being discharged and is
continuously sampled after the final HEPA filter; the exhaust from the glove box line flows
through four stages of HEPA filters. For 2003, the plutonium emissions from LANL as a whole
were 4.87 x 10 curies of which 1.55 x 10 curies came from TA-55 (DOE 2005a).

3.1.3 Water Resources

In 2003, LANL used about 1.4 billion liters (1) (378 million gallons (gal)) of water. Water for all
purposes is supplied from the main aquifer (DOE 2005a).

Surface Water: Surface waters at LANL drain toward the Rio Grande River to the east. Most
surface water features occur as short-lived or intermittent streams and may be lost by
evaporation, transpiration, and infiltration before reaching the Rio Grande River with the
exception of runoff from heavy thunderstorms and heavy snowmelt. Surface water features that
have continuous flow at LANL support only wildlife and are not used for municipal, industrial,
or irrigation uses (DOE 2005a).

Effluents from LANL are comprised of sanitary wastewater, wastewater from industrial
processes, and storm water. Effluent discharges occur under National Pollutant Discharge
Elimination System (NPDES) permits (DOE 2005a).

Buildings, facilities, and structures at LANL that are located within the 100- or the 500-year
floodplain are characterized as moderate hazard, low hazard, or no hazard. Buildings in the
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floodplains that contain sealed radioactive sources in equipment are characterized as moderate
hazard (DOE 1999a).

Groundwater: A main aquifer and perched aquifers (aquifers created above the groundwater
level when the descent of water percolating from above is blocked by a shelf of impermeable
rock) occur near the surface at LANL. Groundwater use has led to decline in water levels in the
wells as pumping and natural discharges have exceeded recharge and inflow. Groundwater
generally flows to the east toward the Rio Grande River. Groundwater appears on the surface as
springs in many places at LANL (DOE 1999a).

Los Alamos County owns and operates a network of groundwater monitoring and supply wells
and is responsible for supplying water to LANL and surrounding communities. Activities at
LANL resulting in discharge of effluents have impacted groundwater, and some contaminants
have exceeded regulatory limits. LANL has instituted an effluent treatment system that has
made improvements in the effluent discharges, which now meet or are below regulatory
requirements (DOE 2005a).

3.1.4 Ambient Noise

In general, noise levels measured at the LANL boundary ranged from 31 to 51 a-weighted
decibels (dBA) (DOE 1999a).

3.1.5 Geology and Soils

Geology: The Rio Grande Rift is a major geologic feature in the region. The Pajarito Fault
System in Los Alamos County, comprised of the Pajarito Fault, the Rendija Canyon Fault, and
the Guaje Mountain Fault, lies within the Rio Grande Rift and is immediately to the north and
west of LANL. The Pajarito Fault System could produce earthquakes of about magnitude seven
on the Richter scale, which could cause considerable damage to structures and underground
pipes. An earthquake of this magnitude is estimated to occur once in 100,000 years. Historical
records have indicated six earthquakes have occurred in the LANL area with a magnitude of five
or greater. The most significant seismic event was a 5.5 magnitude earthquake that occurred
southeast of LANL in 1918. Numerous earthquakes of magnitude 4.5 or less have occurred in
the recent past in the LANL area. The DOE has a requirement that facilities be designed,
constructed, and operated to protect the public, workers, and the environment from natural
hazards such as earthquakes. Maintenance and refurbishment activities at LANL are specifically
intended to upgrade the seismic performance of older structures (DOE 2005a).

Soils: Several distinct well-drained soils have developed at LANL. Included, among others, are
ash-flow deposits, volcanic debris, pumice, clays, gravels, basalts, and localized deposits of
terrestrial conglomerates, sandstones, mudstones, and limestones (DOE 1999a). There are no
designated prime farmland soils at LANL (DOE 2005a).

3.1.6 Biological Resources

Landform, a 1,500 m (5,000 ft) elevational gradient, and climate contribute to a diverse
ecosystem at LANL characterized by grasslands, wetlands, shrublands, woodlands, and mountain
forests providing habitats for many animal species. Animals commonly found include elk, deer,
bears, mountain lions, coyotes, rodents, bats, reptiles, amphibians, invertebrates, and many
resident and migratory birds. No species of fish have been found at LANL. Storm water and
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effluent outfalls have contributed to the existing wetlands acreage (a total of 20 ha (50 ac)), a
potential source of drinking water for large mammals (DOE 1999a).

Threatened or Endangered Species: The Federally listed threatened or endangered bald eagle
(Haliaeetus leucocephalus) (now proposed for delisting (71 FR 8238)), black-footed ferret
(Mustella nigripes), southwestern willow flycatcher (Empidonax traillii extimus), and Mexican
spotted owl (Strix occidentalis lucida) could reside on LANL. An additional 24 bird, mammal,
amphibian, or insect species that are Federally listed species of concern may reside on LANL
(DOE 2005a; FWS 2004). The state of New Mexico has listed a total of 25 birds, mammals,
amphibians, or plants, including the above species, as threatened, endangered, sensitive, or of
concern that could occur at LANL. There are three wetlands located within TA-55 that may be
used by four bird species on both Federal and State lists: the northern goshawk, the Mexican
spotted owl, the spotted bat, and the southwestern willow flycatcher (DOE 2005a). A habitat
management plan for listed species has been prepared for LANL (60 FR 53588).

3.1.7 Socioeconomics

In 2003, LANL employed 12,975 persons in various fields that support the activities at LANL.
Over 89 percent of these employees lived in Los Alamos, Rio Arriba, and Santa Fe counties.
The government represented the largest sector of employment in these three counties in 2003,
followed by trade, utilities, transportation activities, leisure, and hospitality. LANL employed
over 12 percent of the workforce in the tri-county area in 2003 (DOE 2005a). LANL is
responsible for about $3.4 billion or 30 percent of the economic activity (in FY 1995) in these
three counties by way of wages, salaries, and purchase of goods and services. LANL is directly
or indirectly responsible for the employment of over 27,200 people representing 32 percent of
total employment in these three counties (DOE 1999a).

In 2000, population in Los Alamos, Rio Arriba, and Santa Fe counties was 188,825 persons, an
increase of about 24.7 percent from 1990. During the same period, New Mexico population
increased by about 20 percent, to 1,819,046 persons (DOE 2005a; USCB 2004).

3.1.8 Cultural Resources

A large number of prehistoric and historic archeological sites as well as traditional cultural
properties (€.9., ceremonial sites, natural features, ethno-botanical sites) used by American
Indian and Hispanic communities are present at LANL. Many of these sites could be potentially
eligible for listing in the National Register of Historic Places (NRHP). Some of these sites are
also listed on the State Register of Cultural Properties (DOE 1999a). The Bandelier National
Monument, the Puye Cliffs Historic Ruins, and the Los Alamos Scientific Laboratory National
Historic District, all in the vicinity of LANL, have been established as NRHP sites or districts
(DOE 2005a).

Areas that are important to Native American tribes are called traditional cultural properties.
Such areas have been identified on LANL. Consultations with stakeholders with regard to these
areas are ongoing (DOE 2005a).

3.1.9 Hazardous and Radioactive Waste

Waste management at LANL is accomplished by using appropriate treatment, storage, and
disposal technologies, and in compliance with all applicable Federal and State statutes and DOE

3-6



Orders. LANL manages transuranic waste, mixed transuranic waste, low-level radioactive
waste, mixed low-level radioactive waste, hazardous waste, and nonhazardous waste. In 2003,
LANL generated 5,625 cubic meters (m’) (198,618 cubic ft (ft°)) of low-level radioactive waste;
36 m® (1,271 ft’) of mixed low-level radioactive waste; 560 m® (19,773 ft°) of transuranic and
mixed transuranic waste; 689 metric tons (759 tons) of hazardous waste; 794,253 m’ (28 million
ft’) of non-hazardous liquid waste; and 10,280 metric tons (11,331 tons) of non-hazardous solid
waste. In addition to the yearly waste generation, LANL has also stored 12,120 m® of
transuranic waste and 25 m® (883 ft°) of mixed low-level radioactive waste. Waste is stored,
treated, or disposed onsite, or transported for offsite disposal (DOE 2005a).

Past discharges of treated and untreated wastes, discharges from the Radioactive Liquid Waste
Treatment Facility (RLWTF), leaks from a reactor, and sanitary wastewater releases have
contributed to groundwater contamination. Contaminants such as strontium-90, tritium,
americium-241, cesium-137, plutonium-238/239, nitrates, metals, volatile organic compounds,
and high explosives have been measured above regulatory levels in perched aquifers and the
main aquifer (DOE 1999a).

Any hazardous or radioactive mixed wastes associated with operations are handled in accordance
with Resource Conservation and Recovery Act (RCRA) guidelines.

3.1.10 Transportation of Radioisotope Components

Packaging: DOE has established requirements and guidelines that comply with Department of
Transportation (DOT) regulations for transporting radioisotopes as well as encapsulation of
radioisotopes and associated hardware for transportation. The Pu-238 transportation containers
consist of a cask/cage assembly, an aluminum thermal shield, heat dissipating system, and
stainless steel primary and secondary containment vessels. These vessels are designed to
withstand all pressure buildups that could occur during normal conditions of transport and
hypothetical accident conditions (DOE 2003a).

Transportation: DOE uses a Secure Transportation System to transport radioisotopes. These
transport systems include tie-down equipment, temperature monitoring, fire alarms, and access
denial systems. The vehicles undergo extensive checks prior to each trip as well as periodic
maintenance checks (DOE 2002b).

3.1.11 Human Health

In 2003, approximately 2.8% (60.2 curies) of the total release of airborne radionuclides at LANL
was attributed to TA-55. Current regulations limit the dose resulting from releases of airborne
radioactivity from DOE facilities to no more than 10 millirem (mrem) per year to a member of
the general public. For perspective, a modern chest x-ray results in a dose of about 6 mrem and
about 65 mrem is received from a diagnostic pelvic and hip x-ray (DOE 2000).

Radiation sources from LANL account for only about one percent of the total radiation
contributions to the maximally exposed individual for LANL from all man-made and natural
sources (DOE 1999a). From LANL operations, the offsite total annual dose for the maximally
exposed individual is 0.65 mrem and the onsite maximally exposed individual dose is 2.5 mrem
(LANL 2004).
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Worker Radiation Exposure from Past and Ongoing Pu-238 Operations:

During past periods of high levels of production in the plutonium-238 production line for RHUs
and fueled clads for the General Purpose Heat Source (GPHS) modules, radiation exposures to
the glove box workers involved in the production were below the DOE limit of 5 rem (1 rem =
1000 mrem). In 2003, the average individual worker dose at LANL was 117 mrem (DOE
2005a).

3.2 DOE’SIDAHO NATIONAL LABORATORY, IDAHO FALLS, IDAHO

The affected environment for Idaho National Laboratory (INL) is described in detail in existing
DOE NEPA documentation, e.g., the Draft Environmental Impact Statement for the Proposed
Consolidation of Nuclear Operations Related to the Production of Radioisotope Power Systems
(DOE 2005a), which bounds the activities at the facility supporting the Proposed Action of this
FPEIS. Relevant information from that document is incorporated by reference and NASA’s
summary of that document is found below. At the time of the relocation of the RPS activities
from the DOE Mound facility in Ohio to the INL site, the area housing the RPS activities at INL
was referred to as the Argonne National Laboratory — West (ANL-W) (now called the Materials
and Fuels Complex (MFC)) and was part of the Idaho National Engineering and Environmental
Laboratory complex. DOE has subsequently integrated these sites and they are now known as
INL.

Assembly and testing of the MMRTG and SRG would occur at the Space and Security Power
Systems Facility at the MFC. The Space and Security Power Systems Facility consists of several
facilities and is located within a security-protected area. Assembly and testing activities
associated with advanced RPSs would be performed in glove boxes using inert gasses.

Glovebox gasses would be vented to the atmosphere via HEPA filters. Closed circuit cameras

are located throughout the facility and connected to the monitors in the control room
(DOE 2002b).

3.2.1 Land Resources

The Space and Security Power Systems Facility is located on the southeast side at the 230,700 ha
(570,000 ac) INL complex, west of Idaho Falls, Idaho. Most of INL is located in the eastern
portion of Butte County but also extends to the counties of Bingham to the south and southeast,
Jefferson to the northeast, Bonneville to the southeast, and Clark to the north. Ninety-eight
percent of INL is undeveloped and generally consists of sagebrush steppe and native grasses.
The undeveloped areas act as safety and accident buffer zones and are used for environmental
research, ecological preservation, socio-cultural preservation, and livestock grazing. Land use at
INL primarily resembles a commercial/industrial site with facilities, open space, and roads (DOE
2002b; DOE 2000; DOE 1999b).

The complexes at INL are used in R&D activities on reactor performance, materials testing,
environmental monitoring, natural resources research and planning, and waste processing (DOE
2000). The Space and Security Power Systems Facility occupies approximately 20 ha (50 ac)
that include reactor buildings, laboratories, warehouses, spent fuel storage, tank areas,
administrative buildings, and wastewater treatment and disposal facilities associated with nuclear
power research (DOE 2005a; DOE 2002b).
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3.2.2 Air Resources

Climate: The climate at the INL complex can be characterized as semiarid steppe with low
humidity, with an annual average temperature of about 42° F (5.5° C), and an annual average
precipitation of 22 cm (8.7 in.). Prevailing winds are southwest or northeast with an annual

average wind speed of 12 km/hr (7.6 mph) (DOE 2005a).

Air Quality: Air quality is regulated through the NAAQS promulgated under the CAA. See
Section 3.1.2 for additional discussion on primary and secondary air quality standards and
criteria pollutants.

Air quality at the INL complex and the surrounding counties is considered in attainment or
unclassifiable with respect to the NAAQS and the Idaho State Ambient Air Quality Standards.
The DOE has modeled concentrations of criteria pollutants for the INL facility. These models
are considered to be conservative and the results were well below regulatory standards (DOE
2005a; EPA 2005; EPA 2004c).

3.2.3 Water Resources

In general, the INL complex utilizes about 4,200 million 1 (1,100 million gal) of water per year
from the Snake River Plain aquifer, its only source of water. Annual water usage at MFC is
approximately 182 million 1 (48 million gal) (DOE 2005a).

Surface Water: Three intermittent streams, Big Lost River, Little Lost River, and Birch Creek,
drain the mountain areas north and west of the INL complex to a closed drainage basin called the
Mud Lake-Lost River Basin within INL. Surface water from these streams reaching INL either
infiltrates and recharges the aquifer or is lost to evaporation; no outflow from INL occurs. The
State has classified these streams for agricultural purposes, development of cold-water biota,
salmon spawning, and for recreation. Water is not used from the streams for potable purposes
and no effluents are routinely discharged from facilities to these streams; minor discharges
including storm water runoff occur under the NPDES permit conditions. These streams are not
classified as wild and scenic rivers. Other surface water bodies at INL include natural wetland-
like ponds and human-made percolation and evaporation ponds (DOE 2000).

The MFC has no surface water or natural wetland areas other than the industrial waste pond to
treat the industrial wastewater and the sewage treatment lagoon to treat effluent wastewater.
Wastewater discharge occurs under the NPDES. MFC is not located within a floodplain-prone
area (DOE 2005a).

Groundwater: The Snake River Plain aquifer, classified by the Environmental Protection
Agency (EPA) as Class 1 (sole source for drinking water/ecologically vital), lies 60 to 300 m
(200 to 1,000 ft) below the INL complex. It is estimated to contain 1.2 to 2.5 quadrillion 1 (317
to 660 trillion gal) of water, extends about 2.5 million ha (6.1 million ac) in southeastern Idaho,
and is the primary source of drinking water in the Snake River Basin. Groundwater recharge
occurs via the Snake River, Big/Little Lost Rivers, Birch Creek, rainfall, and snowmelt. Most of
the water used at INL is returned to the subsurface via percolation ponds (DOE 2000).

3.2.4 Ambient Noise
Industrial facilities, operation of equipment and machinery, and transportation are contributing

sources of noise at the INL complex. The average day-night sound levels are in the 35 to 50
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dBA range at the INL boundary, typical for a rural location. The MFC is 7 km (4.3 mi) from the
nearest site boundary; the noise levels experienced at the boundary from the industrial facilities
are not measurable or indistinguishable from background levels (DOE 2005a).

3.2.5 Geology and Soils

Geology: The INL complex is on the northwestern edge of the Eastern Snake River Plain, a
relatively flat area. Two tectonic faults lie within proximity of the INL complex: the Arco
Segment of the Lost River Fault to the west and the Howe Segment of the Lemhi Fault to the
northwest. The Snake River Plain is a fairly stable area with low seismic activity; relatively few,
minor earthquakes of up to 3.6 magnitude (Richter Scale) have occurred on or near INL. Areas
adjacent to the Snake River Plain have a fairly high rate of seismic activity with a 7.3 magnitude
earthquake occurring to the northwest of INL in 1983. However, no damage occurred at INL
(DOE 2000). Although volcanic zones have been identified at INL, eruptions are not likely.
INL has a moderately low seismic risk (DOE 2002b).

Soils: Soils at INL are derived from volcanic and sedimentary rocks. The land is composed of
basalt lava flows, rhyolitic (granite-like) volcanic rocks and poorly consolidated sediments of
silts, sands, gravels, and clays deposited by wind, streams, or in lakes. There are no prime
farmlands within INL (DOE 2005a).

3.2.6 Biological Resources

A cool, desert ecosystem and shrub-steppe plant communities characterize the INL complex.
Ninety-eight percent of the land is relatively undisturbed and provides habitats for many animal
species native to the region. Numerous plant species and plant communities are present at INL
with sagebrush being the major community. The sagebrush community, critical winter/spring
range for sage grouse and pronghorn populations, and the juniper community, used as raptor and
songbird nesting areas, are considered sensitive habitats. Peripheral areas of INL are used as
sheep and cattle grazing areas. The INL Sagebrush Steppe Ecosystem Reserve occupies about
29,950 ha (74,000 ac) of land in the north central portion of the complex and provides habitats
for numerous rare and sensitive species (DOE 2000).

INL supports numerous animal species, including two amphibian, 11 reptile, 225 bird, 44
mammal, and a variety of migratory birds. Animals commonly found at INL include the short-
horned lizard, gopher snake, sage sparrow, Townsend’s ground squirrel, and black-tailed
jackrabbit with raptor-species and carnivores such as coyote and mountain lion. Game animals
at INL include sage grouse, mule deer, elk, and pronghorn. Aquatic life is present in the streams
and ponds at INL including six species of fish (DOE 2005a).

Threatened or Endangered Species: Two Federally listed threatened species, the bald eagle
(Haliaeetus leucocephalus) (now proposed for delisting (71 FR 8238)) and the gray wolf (Canis
lupus), and a candidate plant species, inconspicuous phacelia (Phacelia inconspicua), could
possibly be found on INL. An additional ten other plant, reptile, bird, or mammal species that
are Federal species of special concern could live on INL (FWS 2004). The U.S. Fish and
Wildlife Service recently proposed to de-list the gray wolf from the threatened and endangered
list (70 FR 61770) and its status is pending. The state of Idaho has classified a total of seven
plant species and one bird species (bald eagle) as threatened, state priority, state sensitive, or
state monitor that could possibly occur at INL. No threatened or endangered critical habitats
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occur at INL. The DOE is assessing impacts on threatened and endangered species from a
wildfire in July 2000 that burned an extensive area of southwestern INL (DOE 2005a).

3.2.7 Socioeconomics

The INL employs over 8,000 research, professional, administration, and support personnel. Over
95 percent of the workforce lives in a seven-county regional economic area: Bannock, Bingham,
Bonneville, Butte, Clark, Jefferson, and Madison, which represent over seven percent of
employment in the regional economic area. INL is the second largest employer in Idaho and
expends over $1 billion (about 0.01 percent of Idaho’s Gross State Product (GSP)) annually to
the local and Idaho economy by way of direct and indirect provision of wages, salaries, purchase,
education, development grants, goods, and services. INL is directly or indirectly responsible for
the employment of over 18,000 people in Idaho (DOE 2002b; INEEL 2001).

In 2000, population in the regional economic area was 258,774 persons, an increase of about 18
percent from 1990 (DOE 2002b). During the same period, Idaho population increased 28.5
percent, to 1,293,953 persons (USCB 2004).

3.2.8 Cultural Resources

The INL complex contains a large number of prehistoric and historic archeological sites, fossils,
military and Cold War era structures and features, and sites important to Native American
groups. Numerous buildings and structures are listed or potentially eligible for listing in the
NRHP. The Experimental Breeder Reactor Number 1, an NRHP listed property and also a
National Historic Landmark, was used in the demonstration of use of nuclear fission to produce
usable electricity. The land at INL is culturally important to Native American groups because of
its association with the Shoshone and Bannock Tribes (DOE 2005a).

3.2.9 Hazardous and Radioactive Waste

Waste management at INL is accomplished by using appropriate treatment, storage, and disposal
technologies, and in compliance with all applicable Federal and State statutes and DOE Orders.
In 2004, INL managed 10 m’ (353 ft3) of transuranic and mixed transuranic waste; 9,846 m’
(347,695 ft3) of low-level radioactive waste; 1,373 m’ (48,485 ft3) of mixed low-level radioactive
waste; 422 m’ (14,902 ft* ) of hazardous waste; 3,333,900 m’ (117,731,101 ft3) of non-hazardous
liquid waste; and 49,430 m’ (1,745,373 ft’ ) of non-hazardous solid waste. During 2004,
included in the inventory of stored waste were 61,553 m’ (2,173,640 ft3) of transuranic and
mixed transuranic,waste; 704 m® (24,860 ft°) of low-level radioactive wastes; 899 m® (31,747 ft)
of mixed low-level radioactive wastes, and 163 m® (5756 ft°) of hazardous waste (DOE 2005a).

Past waste disposal methods at INL have resulted in localized plumes of radiochemical and other
chemical constituents in the aquifer. Of concern are tritium and strontium-90 plumes. Changes
from previous waste disposal methods have resulted in containment of these plumes. Tritium
concentrations have decreased and strontium-90 concentrations have remained the same (DOE
2000). Testing of offsite drinking water samples has yielded tritium levels above the minimum
detectable concentration. However, the highest concentration of tritium was well below the
EPA’s allowable contaminant level. Tritium was not detected in offsite surface water samples
(DOE 2002b). In 1989, INL was declared a Superfund Site (Comprehensive Environmental
Response, Compensation, and Liability Act of 1980, as amended, (42 U.S.C. 9601 et seq.,)
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(CERCLA)), and was placed on the National Priority List (NPL). Monitoring and cleanup
actions are ongoing (EPA 2004b).

3.2.10 Transportation of Radioisotope Components

Packaging: DOE has established requirements and guidelines that comply with DOT regulations
for transporting radioisotopes as well as encapsulation of radioisotopes and associated hardware
for transportation. The Pu-238 transportation containers consist of a cask/cage assembly, an
aluminum thermal shield, heat dissipating system, and stainless steel primary and secondary
containment vessels. These vessels are designed to withstand all pressure buildups that could
occur during normal conditions of transport and hypothetical accident conditions (DOE 2003a).

Transportation: DOE uses a Secure Transportation System to transport radioisotopes. These
transport systems include tie-down equipment, temperature monitoring, fire alarms, and access
denial systems. The vehicles undergo extensive checks prior to each trip as well as periodic
maintenance checks (DOE 2002b).

3.2.11 Human Health

The DOE has modeled non-radiological releases from MFC. Concentrations of any hazardous
and toxic compounds would be well below regulatory levels. In 2003, approximately 7% (539
curies) of the total release of airborne radionuclides at INL was attributed to the MFC. Current
regulations limit the dose resulting from releases of airborne radioactivity from DOE facilities to
no more than 10 mrem per year to a member of the general public. In 2003, the maximally
exposed offsite individual received a total of 0.035 mrem. The average individual worker dose
at INL in 2003 was 56 mrem (DOE 2005a). For perspective, a modern chest x-ray results in a
dose of about 6 mrem and about 65 mrem is received from a diagnostic pelvic and hip x-ray
(DOE 2000).

33 DOE’S SANDIA NATIONAL LABORATORY, ALBUQUERQUE, NEW MEXICO

The DOE has used the Sandia National Laboratory (SNL) previously to perform safety test
activities associated with R&D efforts similar to those that may be required for the action
addressed in this FPEIS. Although it has not been decided that safety testing would be required
as part of the advanced RPS development, if such testing (with fuel simulant) were to occur,
SNL might be considered for use for advanced RPS safety testing. SNL is addressed in the event
such activities occur at SNL. The affected environment for SNL is described in detail in the
Final Sandia National Laboratory Site-Wide Environmental Impact Statement (DOE 1999¢) that
bounds the activities at that facility supporting the Proposed Action of this FPEIS. Relevant
information from the sitewide EIS is incorporated by reference and NASA’s summary of the
affected environment for SNL is limited to the Albuquerque site.

3.3.1 Land Resources

The SNL is located in Bernalillo County, New Mexico, southeast of Albuquerque and uses about
3,560 ha (8,800 ac) of land within Kirtland Air Force Base (KAFB). KAFB occupies about
20,860 ha (51,560 ac) of Bernalillo County and is bounded on the north by the City of
Albuquerque, on the east by the Manzanita Mountains and Cibola National Forest, on the south
by Pueblo of Isleta, and on the west by the Albuquerque International Sunport and state land.
The area surrounding KAFB is characterized by grasslands, woodlands, rocky slopes, riparian
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arroyo (water channel or gully) or canyon, and altered land. Land use at SNL fits into a category
of industrial and research park uses with laboratories, test facilities, warehouses, and
administrative buildings (DOE 1999c¢).

SNL is a multi-program lab, primarily performing national defense R&D, energy, and
environment projects as well as providing engineering design for all non-nuclear components in
the nation's nuclear weapons program (SNL 2004).

3.3.2 Air Resources

Climate: The climate in Bernalillo County and at KAFB can be characterized as semi-arid with
annual precipitation ranging from about 19 to 25 cm (7.5 to 10 in.) and annual temperature
ranging from about 22 to 93° F (-6 to 34° C) (NMED 2004b). Most of the precipitation occurs
from thunderstorms from July through September. Less than 5 cm (2 in.) of precipitation occurs
during the winter months with limited snowfall. Wind patterns occur with upslope flows during
the day and downslope flows during the night (DOE 1999c).

Air Quality: Air quality is regulated through the NAAQS promulgated under the CAA. See
Section 3.1.2 for additional discussion on primary and secondary air quality standards and
criteria pollutants.

Air quality in New Mexico is controlled on a regional basis and parameters such as climate,
meteorology, topography, vegetation, land use, population, and growth projections are
considered when setting air quality control regions. SNL/KAFB is in the Albuquerque-Mid Rio
Grande Intrastate Air Quality Control Region and this region includes all of Bernalillo County
and portions of Sandoval and Valencia Counties (NMED 2004b). Air quality within this region
is classified as in attainment or unclassifiable with respect to the NAAQS except for CO, which
is classified as moderate (EPA 2004c).

3.3.3 Water Resources

In general, KAFB withdraws about 4.4 billion 1 (1.16 billion gal) of water per year (in 1996)
from the Albuquerque-Belen Basin aquifer (DOE 1999c).

Surface Water: Surface water at KAFB occurs as intermittent streams fed by springs or during
summer thunderstorms and generally flows westwards along numerous drainage courses. Some
surface flow may be lost by evaporation or infiltration. Summer thunderstorms could result in
local flood conditions and surface runoff. Snowmelt in the Manzanita Mountains could also
produce local surface runoff. Wetlands occur at several springs with a total area of less than

0.4 ha (1 ac) (DOE 1999c).

Water discharge from SNL properties occurs as surface runoff from storm events. Runoff water
is collected in storm sewers and is discharged under NPDES permits. Effluent discharges occur
under a NPDES permit with a yearly discharge of about 1,064 million I (281 million gal) (DOE
1999c).

Groundwater: Groundwater occurs in the Albuquerque-Belen Basin aquifer on the western
portion of KAFB and in limited quantities in the fractured bedrock, i.e., the bedrock aquifer, on
the eastern portion of KAFB. The Albuquerque-Belen Basin aquifer lies about 150 m (500 ft)
below the surface and serves as the source of municipal water for Albuquerque. The depth to
groundwater in the bedrock aquifer could vary from near the surface at arroyos to about 46 m
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(150 ft) below the surface with flow generally towards the west. A transition zone exists
between the eastern and the western aquifers where the groundwater depth could vary from near
the surface to about 150 m (500 ft) below the surface. Excess groundwater withdrawal over
recharge is of concern. Recharge occurs during short-term storm events from infiltration of
arroyo water (DOE 1999c).

3.3.4 Ambient Noise

Activities at the KAFB, Albuquerque International Sunport, and SNL contribute to ambient noise
in the region. SNL noise activities include test programs, high explosive tests, tests of rocket
motors, large-caliber weapons testing, tests producing sonic booms, and industrial and
construction activities. Outside KAFB, impulse noise is typically heard as dull thuds or short
bursts lasting less than three seconds. In general, background noise produced by SNL would be
in the range of 50 to 70 dBA (DOE 1999c).

3.3.5 Geology and Soils

Geology: Unconsolidated geologic material, and fractured and porous bedrock underlies KAFB.
Regional geologic features include mountains, arroyos, and canyons. The western portion of
KAFB lies on the Albuquerque-Belen Basin and consists of unconsolidated sedimentary fill of
gravels, sands, silts, and clays, collectively called the Santa Fe Group. The eastern portion of
KAFB consists of bedrock and alluvial material. A transition region exists between the eastern
and the western portions of KAFB and consists of unconsolidated sedimentary fill and bedrock.
The West Sandia Fault, Sandia Fault, Tijeras Fault, Manzano Fault, and Hubbell Springs Fault
lie within this transition region, generally on a north-northeast orientation. In addition, the
Coyote Fault lies on the eastern portion of KAFB on a north-south orientation. These faults have
not shown movement within the last 10,000 years. In 1971, an earthquake of magnitude 4.7
(Richter Scale) occurred in the Albuquerque area, the largest recorded. No appreciable damage
was noted to SNL buildings (DOE 1999c¢).

Soils: Eroded bedrock in the Manzanita Mountains to the east of KAFB and subsequent
downslope transportation by water has contributed to the soils at SNL. These soils have high
naturally occurring concentrations of arsenic, beryllium, and manganese metals, which are
constituents of the bedrock. Soil contamination at SNL has occurred as a result of past activities
such as explosions, destruction, or burning of tested devices containing hazardous material.
Contaminants of concern include depleted uranium, lead metal, and trititum. SNL has cleanup
and remediation programs to address such sites (DOE 1999c).

3.3.6 Biological Resources

Animal habitats include cliff faces, caves, abandoned mines, drainages, grasslands, woodlands,
riparian (occurring near bodies of water), and altered land. Animals commonly found include
black bear, mountain lion, fox, mule deer, prairie dog, bats, reptiles, rodents, amphibians, and
many resident and migratory birds (DOE 1999c).

Threatened or Endangered Species: No Federally listed threatened or endangered species
occur at KAFB; however, the delisted American peregrine falcon (Falco peregrinus anatum) and
the mountain plover (Charadrius montanos) could reside onsite (DOE 1999c¢). Seventeen bird,
mammal, reptile, or plant species found at KAFB are listed as Federal species of concern or
sensitive species (FWS 2004). The state of New Mexico has listed a total of 11 bird, mammal,
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or plant species found at KAFB as threatened, sensitive, or rare. Ecological resources at KAFB
are managed in accordance with the U.S. Air Force directives and guidelines
(DOE 1999c¢).

3.3.7 Socioeconomics

The SNL employs over 7,000 scientists, engineers, technologists, and administrative staff (SNL
2004). Over 97 percent of these employees live in the City of Albuquerque in Bernalillo County.
SNL is responsible for about $4.4 billion or about 9 percent of the economic activity (in FY
1998) in the region, which encompasses the counties of Bernalillo, Sandoval, Valencia, and
Torrance, by way of wages, salaries, and purchase of goods and services. SNL is directly or
indirectly responsible for the employment of over 27,500 people representing 7.5 percent of total
employment in this region (Lansford, et. al., 1999).

In 2000, the population in Bernalillo, Sandoval, Valencia, and Torrance counties was 729,649
persons, an increase of about 21.7 percent from 1990. During the same period, New Mexico
population increased by about 20 percent, to 1,819,046 persons (USCB 2004; DOE 1999c).

3.3.8 Cultural Resources

A large number of prehistoric Native American campsites, historic archeological sites such as
mining, agriculture, and ranching sites, and architectural properties are present within KAFB.
Some of these sites are recommended as eligible or potentially eligible for listing in the NRHP;
consultations with the SHPO are ongoing. No traditional cultural properties (e.g., sites important
to Native American tribes) are presently identified at KAFB. However, consultations with
Native American tribes are ongoing and such sites may be identified in the future (DOE 1999c).

3.3.9 Hazardous and Radioactive Waste

Several types of hazardous and radioactive wastes are generated from SNL activities.
Radioactive wastes include low-level waste, low-level mixed waste, transuranic (TRU) waste,
and mixed TRU waste. Hazardous wastes include chemical, explosive, medical, asbestos, and
polychlorinated biphenyl (PCB) wastes. The wastes are stored at SNL and some mixed wastes
(radioactive waste) are treated onsite. In addition to the yearly waste generated from SNL
operations, SNL has also stored about 768 m’ (27,121 ft°) of low-level waste, 103 m® (3,637 ft°)
of low-level mixed waste, and 18 m® (636 ft’) of TRU and mixed TRU waste that are pending
disposal, which are referred to as legacy waste. Hazardous wastes at SNL are shipped offsite for
disposal (DOE 1999c).

Past waste management activities and pollutants from environmental restoration sites, the Liquid
Waste Disposal Site, the Lurance Canyon Burn Site, and the Chemical Waste Landfill have
contributed to groundwater contamination at SNL. Contaminants such as trichloroethene,
nitrates, and petroleum hydrocarbons such as toluene, ethylbenzene, and xylenes, have been
detected in the aquifers with trichloroethene and nitrates measuring above regulatory levels.
Other pollutants of concern include uranium, thorium, TRUs, fission products, tritium, and
hexavalent chromium. (DOE 1999c)

3.3.10 Transportation of Radioisotope Components

Packaging: DOE has established requirements and guidelines that comply with DOT regulations
for transporting radioisotopes as well as encapsulation of radioisotopes and associated hardware
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for transportation. The Pu-238 transportation containers consist of a cask/cage assembly, an
aluminum thermal shield, heat dissipating system, and stainless steel primary and secondary
containment vessels. These vessels are designed to withstand all pressure buildups that could
occur during normal conditions of transport and hypothetical accident conditions (DOE 2003a).

Transportation: DOE uses a Secure Transportation System to transport radioisotopes. These
transport systems include tie-down equipment, temperature monitoring, fire alarms, and access
denial systems. The vehicles undergo extensive checks prior to each trip as well as periodic
maintenance checks (DOE 2002b).

3.3.11 Human Health

Current regulations limit the dose resulting from releases of airborne radioactivity from DOE
facilities to no more than 10 mrem per year to a member of the general public (DOE 2002b;
DOE 2000). For perspective, a modern chest x-ray results in a dose of about 6 mrem and about
65 mrem is received from a diagnostic pelvic and hip x-ray (DOE 2000).

At SNL, workers and members of the general public receive approximately the same background
radiation dose with the exception of some workers who receive an additional dose from working
in specific radiation facilities. Using local population distribution within 80 km (50 mi) of SNL
where approximately 732,823 persons lived (in 1996), the collective population dose from SNL
operations for 1996 was 0.14 person-rem for these individuals (DOE 1999c).

34 ABERDEEN PROVING GROUND, ABERDEEN, MARYLAND

The Aberdeen Proving Ground (APG) is a U.S Army facility. The DOE has used APG
previously to perform safety test activities associated with R&D efforts similar to those that may
be required for the action addressed in this FPEIS. Although it has not been decided that safety
testing would be required as part of the advanced RPS development, if such testing (with fuel
simulant) were to occur, APG might be considered as a location for such testing. APG is
addressed in the event such activities occur at APG. The affected environment for APG is
described in detail in the Integrated Natural Resources Management Plan (DOD 2001b) that
bounds the activities at that facility supporting the Proposed Action of this FPEIS. This
document is incorporated by reference and NASA’s summary is found below.

3.4.1 Land Resources

The APG is mostly located in Harford County, Maryland with less than two percent in eastern
Baltimore County, and is about 32 km (20 mi) northeast of the City of Baltimore. APG is
bounded on the east and the south by the Chesapeake Bay, on the west by the towns of
Edgewood and Aberdeen, and on the north by Swan Creek. The majority of land on APG is
undeveloped. The western boundary of APG abuts urban, residential, commercial, industrial,
and institutional areas, including the City of Aberdeen, which lies at the northwestern boundary
of APG (DOD 2001a; DOD 2001b).

The APG is about 29,000 ha (72,000 ac) in extent including offshore areas of the Chesapeake
Bay. About 90 percent of APG is designated as a test range and supports three main areas of
defense: R&D and acquisition; emergency preparedness and response; and safe, secure chemical
weapons storage, remediation, and demilitarization. In addition, APG supports development and
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testing of military materials, and training officers and enlisted personnel in the use and
maintenance of munitions (DOD 2001b).

3.4.2 Air Resources

Climate: Continental and maritime air masses influence the climate at APG. The Atlantic
Ocean and the Chesapeake Bay produces moderating effects in the area with warmer, milder
winters than experienced by areas further west. The average annual temperature is 55° F (12.7°
C) with an average high of 76.8° F (24.8° C) in July and low of 32.6° F (0.3° C) in January. The
average annual rainfall is 105.4 cm (41.49 in.) with the highest rainfall occurring in August and
lowest in January. Prevailing winds are from west to northwest with average wind speeds of
about 16 km/hr (10 mph). The area could experience thunderstorms, hurricanes, and winter
storms with wind speeds of 80 km/hr (50 mph) or more (DOD 2001b).

Air Quality: Air quality is regulated through the NAAQS promulgated under the CAA. See
Section 3.1.2 for additional discussion on primary and secondary air quality standards and
criteria pollutants.

The Maryland Department of Environment measures criteria pollutants in Harford and Baltimore
Counties. These two counties are in attainment for all criteria pollutants except for PM; s and O3
(EPA 2005; EPA 2004c). Concentrations of criteria pollutants are estimated for APG based on
emissions from point sources. Results of such estimations show that existing APG activities
cause minor effects on ambient concentrations of SO, and moderate effects on ambient
concentrations of NO,, CO, PM, and O;. Release of global warming gasses and ozone depleting
substances from APG activities are estimated to cause negligible impacts. Test firing of
munitions at test ranges or natural causes could cause brush fires. Smoke generated from these
could cause a local nuisance and some visibility impairments (DOD 2001b). APG has two

Title V Operating Permits (APG 2004).

3.4.3 Water Resources

The APG obtains water from two offsite surface water sources. The water treatment plants
collectively have the capacity to provide 31 million I (8.2 million gal) of water per day.
Groundwater wells at APG are used as a secondary source when needed. However, these wells
are not used for potable purposes (DOD 2001b).

Surface Water: About half of APG’s acreage consists of water that includes creeks, rivers,
wetlands, nontidal and tidal swamps, tidal flats, nontidal marshes, wet meadows, shallow ponds,
estuarine marshes, estuarine bays, and deep waters, some of which tend to be slightly brackish.
Major water bodies of APG are the Chesapeake Bay, Bush River, Swan Creek, Romney Creek,
and Gunpowder River. Surface water at APG drains via numerous creeks and rivers into the
Chesapeake Bay. The estuarine ecosystem at APG is comprised of large areas of tidal water in
the Bush and Gunpowder Rivers, and the upper Chesapeake Bay. The tidal shorelines at APG
are rich in marshlands and serves as an important habitat for both aquatic and terrestrial plant and
animal species. There are no major freshwater river systems on APG; most are large tidal creeks
classified within the estuarine system (DOD 2001Db).

Limited data on surface water quality exists for APG. Based on readily observable stream
conditions, stream substrate composition, and plant community composition, most of the creeks
and other water bodies at APG appear to be in good condition. Past activities at APG have
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affected surface water quality. Concentrations of organic contaminants have mostly been below
applicable water quality criteria except at two locations. The concentration of many inorganic
chemicals in water draining APG and in some adjacent areas of the Chesapeake Bay and its
tributary estuaries has been detected above applicable water quality criteria. The concentration
of inorganic chemicals above applicable criteria has also been detected in other waterways in the
vicinity of APG. Waterways draining from APG are affected by runoff occurring elsewhere in
Harford County (DOD 2001b).

Storm water runoff at APG occurs towards creeks, rivers, or the Chesapeake Bay. Runoff is
either naturally cleansed via series of ponds or occurs in small areas and is presumed sufficiently
diluted to have negligible impact on water quality. Sanitary wastewater from APG, formally
treated by a wastewater treatment facility at APG, would be directed to the City of Aberdeen
wastewater treatment plant. Industrial effluents from APG are treated onsite (DOD 2001b).

Groundwater: The Patuxent Formation of the Potomac Group Coastal Plain Sediments is the
principal water-bearing formation in the APG region, an important source for the Baltimore area.
The Potomac Group also includes the Patapsco and Arundel formations. The Patapsco formation
overlies the Arundel and Patuxent formations, with the Arundel Formation acting as a confining
layer. The Arundel Formation can yield small quantities of water for domestic use. The
Patapsco Formation yields large quantities of water; however, it is in direct hydrological contact
with the Chesapeake Bay, making brackish water intrusion a potential problem. The
groundwater source at APG is or has been the Potomac Group (DOD 2001b).

Groundwater quality data has been collected at APG as a part of remediation of past hazardous
waste sites. Contaminants of concern include trichloroethene, trichloroethane, benzene,
chloroform, arsenic, vinyl chloride, tetrachloroethane, dichloroethane, tetrachloroethene,
diisopropyl methylphosponate, and carbon tetrachloride. Remediation efforts are ongoing (DOD
2001b).

3.4.4 Ambient Noise

Noise at APG is generated by testing of weapons, munitions, and vehicles; road construction and
repair; aircraft flying operations; and movement of Army and civilian vehicles. The Army has
prepared an Installation Compatible Use Zone (ICUZ) Program for land use that also addresses
potential noise issues. The test ranges at APG are within the ICUZ Program designated noise
areas. During certain periods of the day, sounds from ordnance testing can be heard at the
boundary of APG (DOD 2001b).

3.4.5 Geology and Soils

Low hills, shallow valleys, and flat plains characterize the topography at APG with elevation
ranging from sea level to about 18 m (60 ft) above sea level (DOD 2001b).

Geology: APG is within the Atlantic Coastal Plain Physiographic Province and is underlain first
by unconsolidated sediments such as clay, silt, sand, and gravel to depths of about 213 m (700 ft)
and then by crystalline rocks and rift-basin sedimentary rocks. Several regional faults exist;
however, with the absence of large historical earthquakes, the seismic risk for the Chesapeake
Bay region is low. Small earthquakes have occurred near APG with magnitudes of less than 3
(Richter Scale) (DOD 2001b).
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Soils: Soils at APG are mainly loams and silt loams and have physically and chemically been
affected by range activities and past operations. Physical effects on soils have been moderate as
test ranges occupy a large portion of the land area. Inland erosion at APG is moderate and
restricted to areas that have little vegetative cover, high relief, and flowing water. Localized,
moderate to severe shoreline erosion occurs due to natural causes along the Chesapeake Bay
shoreline and windward shoreline areas. APG has undertaken projects to stabilize shoreline
erosion. Small, localized areas, on the order of acres, have been chemically contaminated from
past activities. APG has an ongoing program to cleanup such sites (DOD 2001b).

3.4.6 Biological Resources

The APG lies on the Atlantic Plain Physiographic Province and has plant communities of mixed
deciduous forests such as oak, sweet gum, beech, maple, poplar, cherry, and locust; wetlands;
meadows; and developed areas. About 6,475 ha (16,000 ac) at APG are forested land and about
5,261 (13,000 ac) are wetlands. The forested lands vary in size and are fragmented by
watercourses, wetlands, open fields, and roads. Limited commercial potential exists for the
forested lands as most of these areas are contaminated by unexploded ordnances (UXO) and
have restricted access (DOD 2001b).

Animals that inhabit APG include birds, amphibians, reptiles, mammals, and fishes. A survey of
birds has listed 108 species that include common birds such as yellowthroat, bunting, towhee,
gray catbird, and white-eyed vireo, including neotropical migrants, flycatchers, and waterfowl.
Permanent and seasonal use of APG by birds is very high as APG is located in the upper
Chesapeake Bay, which is a part of the Atlantic flyway for migratory birds. Amphibians and
reptiles include species of frogs, turtles, and snakes. Mammal species include deer, beaver,
muskrat, red fox, raccoon, mink, coyote, bats, shrew, and vole. Waters at APG provide breeding
grounds, nurseries, and habitats for many fish species. Common fishes include bluegill,
bullhead, carp, bass, perch, and catfish (DOD 2001Db).

Threatened or Endangered Species: The Federally listed threatened or endangered bald eagle
(Haliaeetus leucocephalus) (now proposed for delisting (71 FR 8238)) and the shortnose
sturgeon (Acipenser brevirostrum) can be found at APG. Three State listed bird species, the
northern harrier (Circus cyaneus), the sedge wren (Cistothorus plantensis), and the black rail
(Laterallus iamaicensis), with the respective designations, rare, threatened, and in need of
conservation, can be found at APG. No Federally listed plant species occur at APG. However,
two plant species are under review for Federal listing. A total of 50 State listed plant species
with the designations of endangered, threatened, highly state rare, state rare, or on a watch list,
occur at APG (DOD 2001a).

3.4.7 Socioeconomics

More than 7,500 civilians, 5,000 military personnel, and nearly 3,000 contractor and private
business personnel work at APG. In addition, APG supports more than 16,000 military retirees
and retiree family members. The majority of these persons live in Harford County. APG is the
largest employer in Harford County and is one of the largest employers in the State of Maryland.
APG expended nearly $2.3 billion in FY 1999, which included installation payroll, contracts, and
other installation costs. The total economic impact on Harford County was $520.9 million for
FY 1999 (APG 2004).
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Population counts are provided only for Harford County where more than 98 percent of APG is
located. Less than two percent of APG is in Baltimore County (DOD 2001a). In 2000,
population in Harford County was 218,590 persons, an increase of 20 percent from 1990.
During the same period, Maryland population increased 10.8 percent, to 5,296,486 persons
(USCB 2004).

3.4.8 Cultural Resources

APG has enormous archeological potential because of its natural setting on the Chesapeake Bay;
however, only a fraction of the area has been surveyed for the existence of archeological
resources. Many prehistoric and historic sites have been identified within the surveyed areas.
Several facilities at APG have been identified as potentially eligible for listing on the NRHP.
The NRHP listed facilities include the Presbury House, the Gunpowder Meeting House, the
Pooles Island Lighthouse, and two sites located within the Lower Deer Creek Valley National
Register Historic District; the Churchville Test Course/Tank Proving Ground and the Deer Creek
Pumping Station. APG has a Cultural Resources Management Plan to address cultural resources
management (DOD 2001b).

3.4.9 Hazardous and Radioactive Material

Hazardous wastes are generated at APG by weapons and equipment testing; equipment
maintenance and use; and research, development, test, and evaluation operations. Such waste is
managed in accordance with applicable Federal, State, and Local rules and regulations and U.S.
Army programs for managing hazardous wastes. UXO occur at areas within the installation and
locations in the Chesapeake Bay (DOD 2001b). Two areas at APG were designated Superfund
Sites in 1989 and 1990 and were placed on the NPL (EPA 2004b). Cleanup efforts at these sites
are ongoing (DOD 2001b).

3.5 NASA’S GLENN RESEARCH CENTER AT LEWIS FIELD, CLEVELAND,
OHIO

The NASA Glenn Research Center (GRC) consists of two sites in Ohio, the Lewis Field in
Cleveland and the Plum Brook Station in west central Erie County. In the context of this
summary, GRC refers only to Lewis Field since it is anticipated the activities associated with the
Proposed Action would occur at this location.

3.5.1 Land Resources

The GRC is located in western Cuyahoga County, Ohio and is predominantly within the limits of
the City of Brook Park, approximately 32 km (20 mi) southwest of downtown Cleveland. GRC
borders the Cleveland Hopkins International Airport to the east and to the north and west is the
Rocky River Reservation, a part of the Cleveland Metropolitan Park District. The southern
boundary of GRC is adjacent to highly urbanized and developed residential, business districts,
and industrial complexes (GRC 2005).

The GRC encompasses approximately 148 ha (365 ac) of land and supports NASA's research,
technology, and development programs in the areas of aero-propulsion, space flight systems,
space propulsion, space science applications, and space power. Most of GRC is considered fully
developed with offices, test facilities, and support facilities, with the exception of about 69 ha
(171 ac) that are considered undeveloped. All structures at GRC must conform to Federal
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Aviation Administration restrictions due to proximity to the Cleveland Hopkins International
Airport. The recreational park and the Rocky River Reservation next to GRC are considered a
protected environment. There are no national or state parks in the immediate vicinity of GRC
(GRC 2005).

3.5.2 Air Resources

Climate: The climate at GRC can be characterized as continental. Summers are warm and
humid, with average temperatures of 21° C (70° F). Winters are relatively cold and cloudy, with
an average temperature of -2° C (28° F). Precipitation averages 89 cm (35 in.) per year.
Prevailing winds are from the south to southwest (GRC 2005).

Air Quality: Air quality is regulated through the NAAQS promulgated under the CAA. See
Section 3.1.2 for additional discussion on primary and secondary air quality standards and
criteria pollutants.

The City of Cleveland performs air monitoring for Cuyahoga County for criteria pollutants,
nitrogen oxide, total suspended particulates, and toxic air pollutants. Cuyahoga County is
designated as an attainment area (GRC 2005) except for the PM; 5 and the 8-hour O; standards
(EPA 2005). GRC currently operates under a CAA Title V Operating Permit, which was issued
in 2004 (GRC 2005).

3.5.3 Water Resources

The City of Cleveland municipal water supply system provided about 1.35 billion 1 (0.35 billion
gal) of water in FY 2001 to GRC. The majority of water is used for institutional purposes with
the balance for research (GRC 2005).

Surface Water: Rocky River and its tributary, Abram Creek, are surface water features at GRC.
The Rocky River flows northwards along the western edge of GRC, separating GRC from the
Rocky River Reservation and discharges into Lake Erie. Abram Creek crosses GRC and
discharges to the Rocky River. There is no commercial fishing in the Rocky River or its
tributaries except for recreational fishing. Surface water runoff from GRC flows through the
storm sewer system and natural swales to Abram Creek and Rocky River. Lake Erie, located 8
km (5 mi) to the north, is an important fresh water fishery and a recreational resource for boating
and beaches. The Rocky River is not a designated wild or scenic river but is considered a
wildlife refuge by the local jurisdictions. There are no national seashores in the vicinity of GRC
(GRC 2005).

Floodplains at GRC occur at Abram Creek. Abram Creek fulfills the criteria for an area of
special flood hazard (defined as an area of land that would be inundated by a flood having a one
percent chance of occurring in any given year). No other mapped floodplains occur at GRC and
no facilities are present in the 100-year floodplain. The 500-year floodplain for GRC has not
been mapped. Wetlands at GRC have not been officially delineated however a study performed
in 2002 identified four areas as probable wetlands; no activities currently occur in these areas
(GRC 2005).

Wastewater at GRC is comprised of sanitary, storm water, non-contact and contact cooling,
cooling tower blowdown, and miscellaneous process discharge. There are three wastewater
collection systems at GRC: sanitary, storm water, and industrial. Sanitary discharges for the
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three quarters prior to July 2003 averaged about 353 million 1 (93 million gal). These discharges
are required to meet the local general sewer use ordinance effluent limitations. Storm water
discharges occur under a NPDES permit. Storm water monitoring has indicated occasional
exceedances of chlorine and mercury. These findings have been reported to the Ohio EPA with
no additional action occurring from the Ohio EPA. Although the Industrial Waste Sewer
receives some wastewater, it is mainly used as an oil spill control system and a surge area for
cooling towers when they require emptying for maintenance (GRC 2005).

Groundwater: Groundwater occurs in two distinct lithologic zones, in the shale bedrock and in
perched lenses in the overlying unconsolidated materials. These zones are approximately 15 to
76 cm (6 to 30 in.) thick. The zones are thought to be isolated and not to contain significant
amounts of groundwater (GRC 2005).

Groundwater in the unconsolidated zone is expected to discharge to Abram Creek and Rocky
River. The groundwater zone within the bedrock is under artesian pressure due to the low
hydraulic conductivity of the overlying soils. However, the recharge rate is estimated to be very
slow and the shale bedrock has very low permeability. Indications are that the bedrock aquifer
can be expected to yield no better than approximately 3.8 1 (1 gal) per minute (GRC 2005).

There are permitted drinking water wells within 6 km (4 mi) of GRC and many individuals in the
Rocky River Basin use groundwater for drinking. No aquifer at GRC has been designated as a
sole or principal drinking water source. Groundwater flow from GRC is toward Abram Creek
and Rocky River. Groundwater is not used for water supply at GRC. In addition, there is no
evidence of groundwater contamination or any underground injection wells at GRC

(GRC 2005).

3.5.4 Ambient Noise

The Cleveland Hopkins International Airport is the largest noise source in the general vicinity of
GRC. Other noise sources include a factory, traffic noise from Interstate highways, and a large
exhibition hall. Noise sources at GRC include research operations (e.g., wind tunnels and engine
test cells), transient noises, NASA aircraft, construction activities, and traffic noise. The general
noise level at GRC is well below the average day/night sound level of the Cleveland Hopkins
International Airport. Noise level at the GRC fence line are generally below 70 dBA, with much
of this noise attributed to offsite sources (GRC 2005).

3.5.5 Geology and Soils

The area near GRC consists of gently rolling uplands. GRC is generally level due to extensive
cut-and-fill operations that reclaimed the area from steep drainage swales. These drainage
features were filled in with a variety of undifferentiated soils and gravels, construction debris,
and industrial and domestic waste (GRC 2005).

Geology: The area surrounding GRC is located on the western flank of the undeformed portion
of the Appalachian Basin. The basin contains a southeastward-thickening prism of sandstones,
carbonates, shales, and salts that aggregate to a thickness of about 1,980 to 7,010 m (6,500 to
23,000 ft). Bedrock in the immediate vicinity of GRC is composed of the Cleveland Shale
Member of the Ohio Shale. The probability of an earthquake causing structural damage is
minimal. The Ohio Shale is fissile, however, and offers differential resistance to applied stresses
depending upon the inclination to the direction of stratification (GRC 2005).
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Soils: Soils in the vicinity of GRC generally have low to very low permeability and are
classified as a silty clay loam, although they often grade to a clay loam glacial till. The natural
soils and parent materials in many cases have been removed or covered with fill. There are no
prime farmlands within GRC (GRC 2005).

Four polychlorinated biphenyl (PCB) transformer spills have been recorded since 1992. Three
were small leaks of PCB oil or mineral oil with PCBs, and the fourth occurred from over-filling a
transformer resulting in the loss of 132 1 (35 gal) of mineral oil with PCB’s. This site has been
remediated (GRC 2005).

3.5.6 Biological Resources

The GRC lies in the Beech-Maple Forest region of the great eastern Deciduous Forest of Eastern
North America. This region has been classified as a mixture of Beech Forest, Mixed Oak Forest,
Elm-Ash Swamp Forest, and Mixed Mesophytic Forest. Most of the site is now too highly
disturbed to support significant numbers of indigenous Ohio plant species. The gorge of Abram
Creek and the tops of the bluffs above the valley are the only areas that retain natural qualities
(GRC 2005).

Animals that inhabit GRC include birds, amphibians, reptiles, butterflies and moths, and various
mammals. Most common birds include the European starling, house sparrow, American robin,
chimney swift, and house finch. Few amphibian species, one reptile, many species of butterflies
and moths, and three common bat species have been identified at GRC. Other mammals, such as
squirrels, chipmunks, rabbits, deer, and groundhogs, also likely inhabit the area (GRC 2005).

Threatened or Endangered Species: Two State listed potentially threatened plant species,
pigeon grape (Vitis cinerea) and American chestnut (Castanea dentata), are found at GRC. GRC
has no known adverse affects on endangered species beyond its borders (GRC 2005).

3.5.7 Socioeconomics

Over 3,113 scientists, engineers, administrative professionals, clerical staff, technicians, and
trade personnel are employed at GRC, with over 65 percent of these employees living in
Cuyahoga County (GRC 2005). The GRC total revenue was $699 million (in FY 1998), with
over 95 percent of the revenue derived from NASA. Other significant revenue sources were
from other Federal agencies such as the National Oceanic and Atmospheric Administration, the
Department of Defense, and the Department of Energy. Total economic impacts on the state of
Ohio from GRC activities (FY 1998) included in $1,155 million from direct, indirect, and
induced spending; creation of 12,062 jobs (including GRC workforce), and $384 million in
direct, indirect, and induced earnings (Austrian and Wolf 2000).

In 2000, population in Cuyahoga County was 1,393,979 persons, a decrease of 1.3 percent from
1990. During the same period, Ohio population increased 4.7 percent, to 11,353,140 persons
(USCB 2004).

3.5.8 Cultural Resources

Portions of GRC are considered very sensitive for potential archeological resources. Two GRC
facilities (Rocket Engine Test Facility and Microgravity Research Laboratory) have been
designated as National Historic Landmarks and the American Society of Mechanical Engineers
considers an additional facility (Icing Research Tunnel) an International Historic Mechanical
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Engineering Landmark. In addition, the Central Area at GRC is eligible as an NRHP Historic
District (GRC 2005).

3.5.9 Hazardous and Radioactive Materials

The GRC uses hazardous materials for various institutional activities, which in turn generates
hazardous wastes. Such waste is managed in accordance with applicable Federal, State, and
Local rules and regulations and the GRC plan for managing hazardous and radioactive material.
In 2002, GRC generated 83,515 kg (184,170 Ib) and 275 m’ (9,712 ft’) of hazardous wastes.
GRC uses ionizing radiation sources such as x-ray equipment and density gauges for various
analytical and diagnostic uses. Users of such sources are trained professionals and uses of such
equipment are strictly monitored following prescribed guidelines. While most ionizing sources
are sealed sources, some uses are performed in unshielded facilities and outdoor locations. In
such activities, exposure is controlled by maintaining appropriate radiation levels at a safe
distance from the source and limiting access to the area with barriers and warning signs (GRC
2005).

3.6 JET PROPULSION LABORATORY, PASADENA, CALIFORNIA

The Jet Propulsion Laboratory (JPL) is managed by the California Institute of Technology in
support of NASA. JPL’s primary mission is the planning, advocacy, and execution of unmanned
exploratory scientific flight through the solar system (JPL 2002). The JPL facilities include the
main site at Pasadena, California and several other sites located elsewhere, such as the Deep
Space Network Complexes, astronomical observatory at Table Mountain in California, and
launch operation site at Cape Canaveral, Florida (JPL 2004a). This summary of the affected
environment is for the main site at Pasadena as it is anticipated the activities associated with the
Proposed Action would occur at this location.

3.6.1 Land Resources

The JPL facility is located in northwestern Pasadena in Los Angeles County, California and
encompasses a total of 71 ha (176 ac). To the north are the San Gabriel Mountains and Angeles
National Forest, to the east is the Arroyo Seco Canyon, to the south is the Los Angeles
Metropolis, and to the west is the city of La Canada-Flintridge. Vegetation at JPL is
characterized by native chaparral (shrubs and low trees adapted to dry conditions), coastal scrub,
oak woodlands, grasses and forbs (non-woody plants that are not grasses), and landscaped plants.
Land use at JPL resembles a university campus by appearance with offices and laboratory
facilities for R&D work (JPL 2002).

3.6.2 Air Resources

Climate: The regional climate can be characterized as Mediterranean with warm, dry summers
and mild, rainy winters. Approximately 80 percent of the annual precipitation, about 38.1 cm
(15 in.), occurs from November through April and annual temperature could range from about
32.5t095.5°F (2.7 to 35.2° C). In general, winds are mild throughout the year with daytime
winds from the ocean and nighttime winds from land. Storms can occur in autumn from the
Santa Ana winds (JPL 2002).
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Air Quality: Air quality is regulated through the NAAQS promulgated under the CAA. See
Section 3.1.2 for additional discussion on primary and secondary air quality standards and
criteria pollutants.

California is divided into air basins with respect to air quality control within the state. An air
basin may encompass entire counties or portions of counties. The South Coast Air Basin
(SCAB) encompasses portions of Los Angeles, Riverside, and San Bernardino counties and all
of Orange County. The South Coast Air Quality Management District (SCAQMD) manages air
quality in the SCAB (SCAQMD 2006).

With respect to the NAAQS, the SCAB is in compliance with only SO, and Pb, and is non-
attainment for CO, NO,, O3, PM;, and PM, s (EPA 2005; EPA 2004c; JPL 2002). California
has also established state ambient air quality standards for the criteria pollutants and sulfates,
hydrogen sulfide, vinyl chloride, and visibility reducing particles. With minor differences, the
California standards for criteria pollutants are more stringent than the NAAQS and in some
cases, the averaging time for the respective pollutant differs from the NAAQS averaging time.
The SCAB is in attainment or unclassifiable for the state CO, SO, Pb, NO,, hydrogen sulfide,
visibility reducing particles, and sulfates and non-attainment for the O3, PM; s and PM
standards (CARB 2004). The air monitoring station nearest to JPL has measured concentrations
of CO, O3, NO,, PM; s, total suspended particulates, and sulfate. The Federal 1- and 8-hr, and
State 1- and 8-hr standards for Os, and Federal and State annual average mean for PM, s were
exceeded. Data for SO,, PM;, Pb, hydrogen sulfide, vinyl chloride, and visibility reducing
particles were not available for this station (SCAQMD 2002).

The JPL facility operates under a CAA Title V permit and is permitted by the SCAQMD as a
Regional Clean Air Incentives Market facility for oxides of nitrogen (NOy) (JPL 2004).

3.6.3 Water Resources

Surface Water: In general, surface drainage at the JPL site is from the north to the south.
Underground storm drain systems discharge surface waters to the Arroyo Seco Canyon, an
intermittent stream dependent upon rainfall for natural flow, to the east of the facility. Storm
water discharge and groundwater discharge from an artesian well to the storm water system
occurs under the NPDES. Sanitary wastewater is the principal source of wastewater and is
discharged to the county wastewater system. Source water from industrial processes and
specialized uses are captured and disposed of offsite as hazardous waste. There are no wetlands,
wildlife refuges, or wild and scenic rivers at JPL. JPL facilities are within proximity to the
Devil’s Gate Reservoir, which is used for flood control, located in the Arroyo Seco Canyon
(JPL 2002).

Groundwater: Groundwater occurs in the unconsolidated alluvial sediments of the Raymond
Basin aquifer, which is bounded on the north by the San Gabriel Mountains, the west by the San
Rafael Hills, and the south by the Raymond Fault. JPL is located in the Monk Hill sub-basin of
the Raymond Basin where groundwater occurs from depths ranging from 30 to 73 m (100 to 240
ft) below the surface. The Raymond Basin aquifer is the source of potable water for the local
communities. Groundwater flow is from the northwest to the southeast, past JPL, where the
supply wells are located. The City of Pasadena provides water to JPL and water is stored in
tanks with a total capacity of 9.5 million | (2.5 million gal). Groundwater recharge is by rainfall
and artificial means via several spreading basins operated by the City of Pasadena (JPL 2002).
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3.6.4 Ambient Noise

Employee traffic during peak periods, backup electric generators, experimental tests, and
operations and maintenance activities are sources of noise at JPL. In general, noise sources are
located indoors. Experimental tests are conducted in acoustically designed rooms and test cells,
and electric generators are muffled to reduce noise impacts. Daytime background noise levels
measured at the boundary ranged from 43 to 60 dBA (JPL 2002).

3.6.5 Geology and Soils

Geology: The San Gabriel Mountains, a major regional geologic feature, are of the Quaternary
Pacoima Formation and are composed of quartz-and-feldspar sandstone that is alluvial in origin.
The JPL facilities are located on the alluvial plains of the San Gabriel Mountains. The alluvial
deposits extend about 72 m (236 ft) below ground level. The elevation at JPL ranges from about
140 to 328 m (458 to 1,075 ft) above mean sea level. Geologic features include steep
mountainous terrain, narrow ridges, moderate slopes, and graded land for the JPL facilities

(JPL 2002).

Numerous strike-slips and thrust faults occur in the Los Angeles region. JPL is in the vicinity of
the Sierra Madre and the San Gabriel faults, both of which are classified as active. Two
branches of the Sierra Madre fault occur to the west and to the east of JPL, the Mount Lukens
thrust fault system and the south branch of the San Gabriel thrust fault, respectively, with others
occurring along the south edge of the San Gabriel Mountains. In 1991, the Sierra Madre
earthquake occurred which caused landslides in the San Gabriel Mountains and damage to
structures in the foothill communities. A segment of the Sierra Madre fault called the JPL
Bridge Fault lies within JPL, including several potential rupture zones that are present in the
western half of the facilities. The risk of a damaging earthquake in the Los Angeles Basin is
estimated at approximately five percent per year and building codes account for seismic risks
(JPL 2002).

Soils: The soil underlying JPL is primarily fine sandy loam of the Hanford Series, extending 51
to 76 cm (20 to 30 in.) below the surface. Similar subsoil underlies and extends to depths of
about 2 m (6 ft) followed by a granitic basement. Soil contamination has occurred at JPL and
compounds such as carbon tetrachloride, dichloroethene, trichloroethene, and Freon® have been
detected. Investigations have determined that exposure to soil is unlikely to cause short-term or
long-term adverse health effects to employees or the public due to low levels of chemicals of
concern, the depths of these chemicals, or infrequent or unlikely exposure (JPL 2002).

3.6.6 Biological Resources

Approximately 37 percent of land, primarily on slopes and canyons, is relatively undeveloped
and is vegetated by chamise-white sage, chamise, sumac, California sage brush, mixed sage,
black sage, oak woodland, firebreaks, native and exotic grasses and forbs, and landscaped plants.
A variety of wildlife such as lizards, skink, snakes, western scrub jay, towhee, hawk,
woodpecker, pigeons, wrens, mockingbird, raven, crow, dove, starling, rabbit, squirrel, rats,
coyote, skunk, and mule deer are supported by these plant communities (JPL 2002).

Threatened or Endangered Species: No Federally-listed threatened or endangered species or
California-designated rare or endangered species are known to occur at JPL. Surveys of the site
have found no evidence of such species, including special-status plants. (JPL 2002).
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On April 13, 2005, the U.S. FWS published a final rule (70 FR 19561) designating areas
throughout southern California as critical habitat for the arroyo southwestern toad (Bufo
californicus), a Federal endangered species and California species of special concern. Although
JPL is in an area thus designated, this species has not been detected during site surveys and based
upon terrain and habitat requirements is unlikely to occur at the facility (JPL 2002). Two
California Species of Special Concern, the Cooper’s hawk (Accipiter cooperii) and sharp shinned
hawk (Accipiter striatus), have been observed at JPL. Other Federally listed threatened or
endangered species, or California listed endangered or species of special concern have the
potential to occur at JPL; however, surveys have resulted in zero observations of those species
(JPL 2002).

3.6.7 Socioeconomics

The JPL employs about 5,500 professional, technical, administrative, and contractor personnel,
the majority of whom live in Los Angeles County (JPL 2004a; JPL 2002). JPL has an annual
budget of approximately $1.4 billion and mostly supports NASA R&D projects. Non-NASA
R&D projects have included projects for other Federal agencies (JPL 2003; JPL 2002).

In 2000, population in Los Angeles County was 9,519,338 persons, an increase of about
7.4 percent from 1990. During the same period, California population increased by about
13.6 percent, to 33,871,648 persons (USCB 2004).

3.6.8 Cultural Resources

There are no known or recorded archeological resources at JPL. Several prehistoric villages and
cemetery complexes, and historic places and landmarks are present in the vicinity, but none are
at the main Laboratory site. The Space Flight Operations Facility and the Space Simulator
building at JPL are listed in the NRHP (JPL 2002) and are designated National Historic
Landmarks (DOI 2006).

3.6.9 Hazardous and Radioactive Material

The JPL uses hazardous materials for various institutional activities, which in turn generate
hazardous wastes. Such waste is managed in accordance with applicable Federal, State, and
Local rules and regulations and the JPL plan for managing hazardous and radioactive material.
In 2003, JPL generated 22,000 kg (49,000 Ib) of hazardous wastes, which were shipped offsite
for disposal (JPL 2004b). JPL uses ionizing radiation sources for varying uses including
equipment calibration and tracer experiments. Users of such sources are strictly monitored
following prescribed guidelines. All radioactive wastes are sealed sources and are disposed
offsite by a licensed contractor (JPL 2002).

Past wastewater disposal methods within the JPL site may have contributed to groundwater
contamination. Compounds detected in onsite and offsite wells include volatile organics (e.g.,
carbon tetrachloride, chlorobenzene, dichloroecthane, dichloroethene, Freon®, trichloroethene,
tetrachloroethene, toluene, total trihalomethanes, and xylene), perchlorate, and metals (e.g., Pb,
arsenic, total and hexavalent chromium). Carbon tetrachloride, trichloroethene, dichloroethane,
perchlorate, and total chromium have been measured above regulatory levels. In 1992, JPL was
declared a Superfund Site and was placed on the NPL (EPA 2004b). Cleanup investigations and
monitoring actions are ongoing (JPL 2002).
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3.7 COMMERCIAL FACILITIES

The development, testing, and verification of the power conversion system for the MMRTG
would occur at two commercial facilities: Pratt & Whitney Rocketdyne, Canoga Park, California
and Teledyne Energy Systems, Hunt Valley, Maryland. The development, testing, and
verification of the power conversion system for the SRG would primarily occur at three
commercial facilities: Lockheed Martin Space Systems Company, King of Prussia, Pennsylvania
and Denver, Colorado and their Stirling engine supplier’s facilities; and at GRC.

The affected environment at the commercial facilities is not addressed in detail in this FPEIS.
The development, testing, and verification of the power conversion system at the commercial
facilities would be construed as industrial activities and would fall within the normal realm of
operations at these facilities. Each facility involved in the MMRTG and SRG effort would use
established procedures, processes, and existing resources if the Proposed Action were
implemented. No new construction of buildings or additions to existing buildings would be
needed however minor interior modifications may be undertaken.

In implementing the Proposed Action, these facilities would have to comply with applicable
Federal, state, and local rules, regulations, and ordnances to meet with the requirements,
standards, and guidelines; for example, air emissions, effluent discharges, solid and hazardous
waste disposal, and noise abatement. Process products such as air emissions, effluents, and
waste generation are not expected to require new or additional permitting or licensing and would
be disposed of accordingly. Required permits are currently in place at these facilities to support
the advanced RPS effort (NASA 2003).
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4 ENVIRONMENTAL CONSEQUENCES

Two alternatives are addressed in this Final Programmatic Environmental Impact Statement
(FPEIS): the Proposed Action to develop two types of advanced Radioisotope Power System
(RPS) and the No Action Alternative. This chapter describes the environmental impacts of the
Proposed Action and the No Action Alternative. Under the Proposed Action, the National
Aeronautics and Space Administration (NASA), in cooperation with the United States of
America (U.S.) Department of Energy (DOE), would develop the Multi-Mission Radioisotope
Thermoelectric Generator (MMRTG) and the Stirling Radioisotope Generator (SRG) and
continue its research and development (R&D) of alternative radioisotope power systems and
power converter technologies. Under the No Action Alternative, NASA would not develop
either advanced RPS (MMRTG and SRG). NASA would, however, continue to consider for
future missions the use of available RPSs, such as the General Purpose Heat Source
Radioisotope Thermoelectric Generator (GPHS-RTG), and would continue R&D efforts for
alternative radioisotope power systems and power converter technologies.

The NASA R&D efforts involving alternative radioisotope power systems and power converter
technologies are on-going activities and are addressed under both the Proposed Action and the
No Action Alternative as these efforts will continue independent of the decision to be made in
this EIS. If this research leads to the development of a new type of RPS, flight qualification of
such systems with radioisotope fuel will be the subject of additional NASA NEPA
documentation. The R&D effort on power conversion technologies have applicability to both
radioisotope and non-radioisotope power systems. In addition, NASA will continue to evaluate
power systems developed independently by other organizations for their viability in space-based
applications.

4.1 ENVIRONMENTAL IMPACTS OF THE PROPOSED ACTION

The principal near and mid-term activities of environmental interest associated with the Proposed
Action (NASA'’s Preferred Alternative) include:

e Development of MMRTG technology, including:
- R&D on specific MMRTG power converter concepts,
— Testing of prototype MMRTG power converters prior to fueling to determine their
characteristics, and
- Testing of a fueled Qualification Unit to requirements more severe than expected during
a mission.
e Development of SRG technology, including:
- R&D of specific SRG power converter concepts,
- Testing of prototype SRG power converters prior to fueling to determine their
characteristics, and
- Testing of a fueled Qualification Unit to requirements more severe than expected during
a mission.
e Plutonium-238 fueled clad production for General Purpose Heat Source (GPHS) modules at
Los Alamos National Laboratory (LANL).
e RPS operations at Idaho National Laboratory (INL), including:
- Producing GPHS modules, and
- Mating the fueled modules with advanced converters.
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Potential advanced RPS safety testing activities including impact testing of RPS with low
activity level fuel simulants instead of plutonium-238.

Long-term R&D efforts involving alternative radioisotope power systems and power
converter technologies (see Section 4.3).

Environmental impacts of the activities at DOE facilities involved in the R&D efforts (including
DOE-contracted commercial facilities) have been previously documented in DOE National
Environmental Policy Act of 1969, as amended (NEPA) (42 U.S.C. 4321 et seq.), related
documents and are briefly discussed here. Specific DOE NEPA documentation and other
relevant existing documentation includes:

The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear Operations
Related to the Production of Radioisotope Power Systems (DOE 2005a),

The Environmental Assessment for Radioisotope Heat Source Fuel Processing and Fabrication
(DOE 1991),

The Environmental Assessment of the Import of Russian Plutonium-238 (DOE 1993a),

The Environmental Assessment of the General-Purpose Heat Source Safety Verification
Testing (DOE 1995),

The Site-Wide Environmental Impact Statement for the Continued Operation of the Los
Alamos National Laboratory (DOE 1999a),

The Programmatic Environmental Impact Statement for Accomplishing the Isotope

Production Missions in the United States, including the Role of the Fast Flux Test Facility
(DOE 2000),

The Environmental Assessment for the Future Location of Heat Source/Radioisotope Power
System Assembly and Operations Currently Located at the Mound Site (DOE 2002b),

The Categorical Exclusions for MMRTG and SRG Research and Development Activities
(NASA 2004c), and

Environmental Data and Analysis Information for MMRTG (DOE 2005b).

Each of the above-listed documents contains information and environmental impact analyses of
ongoing, previously performed, or planned activities at DOE or other sites required to support
the advanced RPS development. Information in the above-listed documents is incorporated by
reference into this FPEIS and is summarized below. The integrated summary discussion of
environmental impacts for anticipated activities at DOE sites that is presented in this FPEIS is
based upon information in the above-listed documents and in their associated Record of Decision
(ROD) or Finding of No Significant Impact (FONSI), as applicable.

If the proposed MMRTG and SRG development efforts are successful, then potential
environmental impacts associated with the deployment of MMRTG and SRG to power space and
planetary exploration missions would be anticipated. Environmental impacts associated with the
production and testing of Qualification Units and the production, testing, and shipment of flight-
ready units have been assessed in the existing DOE NEPA documentation identified above.

Specific future missions employing any of the technologies addressed in the Proposed Action
would occur only if the proposed development effort is successful. The potential environmental
impacts (including the potential consequences of launch accidents) associated with such future
missions would be addressed in separate mission-specific NEPA documentation.
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The following sections discuss the types of activities associated with the Proposed Action and
their potential environmental impacts.

4.1.1 Environmental Impacts of Research, Development and Production of MMRTGs

The development of the MMRTG involves the production of a limited number of components,
electrically heated units, and a single Qualification Unit for use during radioisotope fueled
qualification testing (impacts associated with the fueling and operation of the Qualification Unit
are addressed in subsequent sections). The design, fabrication, and testing of the MMRTG
converter components would be performed at commercial installations. Principal locations
associated with MMRTG development activities would include Pratt & Whitney Rocketdyne
(Canoga Park, California) and Teledyne Energy Systems (Hunt Valley, Maryland). Activities
are expected to be performed at existing facilities and are expected to be similar in effect to on-
going activities at such facilities. Modifications to the existing facilities and infrastructure
needed to support research, development, test, and production activities would be expected to be
minimal and are not expected to result in environmental impacts

(DOE 2005b).

All facilities involved in the design, manufacture, and test of advanced RPS converter systems
are subject to Federal environmental regulations and those of the respective states and localities
in which the facilities are located. These include, but are not limited to, implementing
regulations for the Clean Air Act (CAA), the Clean Water Act (CWA), and the Resource
Conservation and Recovery Act (RCRA).

The minor environmental impacts associated with development of the MMRTG converters are
expected to be within the permitted quantities of airborne emissions, waterborne effluents, and
waste disposal at each of the involved facilities; and subsequently both the short-term and long-
term environmental impacts are expected to be within the limits of all applicable environmental
laws, permits, and licenses (NASA 2004c). Specifically:

e Any increases in air emissions as a result of MMRTG development would be expected to be
minimal or non-existent and within existing permits.

e No direct adverse effects would be anticipated on either aquatic or terrestrial ecosystems as a
result of MMRTG development as no major construction activities are anticipated.

e Impacts on water quality as a result of MMRTG development would be minimal and would
be expected to be within the scope of referenced documents.

Implementation of the development effort should result in no substantial change in the
employment levels at the facilities and therefore, have little or no incremental socioeconomic
impacts to the local communities.

Additional details are available in the following documentation:

e Environmental Data and Analysis Information for MMRTG (DOE 2005b)

e The Categorical Exclusions for MMRTG and SRG Research and Development Activities
(NASA 2004c)
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4.1.2 Environmental Impacts of Research, Development, and Production of SRGs

The development of the SRG involves the production of a limited number of components,
electrically heated units, and a single Qualification Unit for use during radioisotope fueled
qualification testing (impacts associated with the fueling and operation of the Qualification Unit
are addressed in subsequent sections). The design, fabrication, and testing of the SRG converter
components would be performed at both commercial and governmental installations. Principal
locations associated with the SRG development activities include Lockheed Martin Space
Systems Company (King of Prussia, Pennsylvania and Denver, Colorado) and their Stirling
engine suppliers, and the NASA Glenn Research Center (GRC) (Cleveland, Ohio). Activities are
expected to be performed at existing facilities and are expected to be similar in effect to on-going
activities at such facilities. Modifications to the existing facilities and infrastructure needed to
support research, development, test, and production activities would be expected to be minimal
and are not expected to result in environmental impacts (NASA 2004c).

All facilities involved in the design, manufacture, and test of advanced RPS converter systems
are subject to Federal environmental regulations and those of the respective States and localities
in which the facilities are located. These include, but are not limited to, implementing
regulations for the CAA, CWA, and RCRA.

The minor environmental impacts associated with development of the SRG converters are
expected to be within the permitted quantities of airborne emissions, waterborne effluents, and
waste disposal at each of the involved facilities; and subsequently both the short-term and long-
term environmental impacts are expected to be within the limits of all applicable environmental
laws, permits, and licenses (NASA 2004c). Specifically:

e Any increases in air emissions as a result of SRG development would be expected to be
minimal or non-existent within existing permits.

e No direct adverse effects would be anticipated on either aquatic or terrestrial ecosystems as a
result of SRG development as no major construction activities are anticipated.

e Impacts on water quality as a result of SRG development would be minimal and would be
expected to be within the scope of referenced documents.

Implementation of the development effort should result in no substantial change in the
employment levels at the facilities and therefore, have little or no incremental socioeconomic
impacts to the local communities.

All NASA facilities, including GRC, maintain an Environmental Resources Document (ERD).
These documents provide information on the existing environment for the NASA facility and
address the impacts associated with all facility activities. The impacts associated with SRG
research, development, and test activities at the GRC would not be expected to exceed the limits
reported in its ERD and would be within the scope of normal operations at these facilities

(GRC 2005).
Additional details are available in the following documentation:

e The Categorical Exclusions for MMRTG and SRG Research and Development Activities
(NASA 2004c)
e Environmental Resources Document (GRC 2005)
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4.1.3 Environmental Impacts of Plutonium-238 Transportation to LANL

Under the Proposed Action, plutonium would be needed for the Qualification Units for both the
MMRTG and the SRG. Over the near term, DOE would continue exercising its option to
purchase Russian plutonium-238 (if available) to meet the needs of future U.S. space exploration
missions (DOE 2000).

Activities and impacts associated with transporting plutonium-238 to the U.S. from Russia are
evaluated in two other NEPA documents: Environmental Assessment of the Import of Russian
Plutonium-238 (Russian Plutonium-238 EA) (DOE 1993a), and Finding of No Significant Impact
for Import of Russian Plutonium-238 Fuel (DOE 1993b). The proposed action addressed in the
Russian Plutonium-238 EA was to import up to 40 kilograms (kg) (88 pounds (Ib)) of plutonium-
238 fuel (isotopic mass) in powdered dioxide form from Russia to supplement the current U.S.
inventory. The action includes the transportation by ship of Russian plutonium-238 in 5-kg (11-
Ib) increments from St. Petersburg, Russia, to a U.S. port of entry. DOE considered the
environmental consequences on global commons (i.€., portions of the ocean not within the
territorial boundary of any nation) in accordance with Executive Order 12114 (44 Federal
Register (FR) 1957). From the U.S. port of entry, the plutonium-238 is ground transported by
DOE Safe Secure Transport (SST) to LANL and is added to LANL’s portion of the existing U.S.
plutonium-238 inventory. The dose to transportation workers associated with importing 40 kg
(88 1b) of plutonium-238 to LANL was reported to be 2.6 person-rem; the dose to the public was
reported to be 4.5 person-rem. Accordingly, incident-free transportation of plutonium-238
would result in 0.0011 latent cancer fatalities among transportation workers and 0.0023 latent
cancer fatalities in the total affected population over the duration of the transportation activities
discussed in the Russian Plutonium-238 EA

(DOE 1993a).

The reported transportation accident risks under this option in the Russian Plutonium-238 EA
(DOE 1993a) for the importation of 40 kg (88 1b) of plutonium dioxide are as follows: a
radiological dose to the population of 0.2 person-rem, resulting in 1.0x10™ latent cancer
fatalities; and traffic accidents resulting in 0.0032 traffic fatalities. These estimates include the
risk to the crew, handlers, and the public during both ocean and highway transportation

(DOE 1993a).

DOE would need to import less than 10 kg (22 1b) to fuel the Qualification Units in support of
MMRTG and SRG development. Even with these amounts for the Qualification Units, the total
amount imported would not exceed the 40 kg (88 1b) total planned by DOE. Therefore, the
impacts associated with importation of plutonium-238 for the Proposed Action would be within
the envelope of activity and impacts analyzed in DOE’s Environmental Assessment (EA) of
importation of Russian plutonium (DOE 1993a).

Over the longer term, DOE intends to reestablish its ability to produce plutonium-238
domestically. The environmental impacts of this option have been extensively evaluated and
reported in the Programmatic Environmental Impact Statement for Accomplishing the Isotope
Production Missions in the United States, including the Role of the Fast Flux Test Facility
(DOE/EIS-0310, December 2000; Records of Decision January 26, 2001 [66 FR 7877] and
Amended Record of Decision August 13, 2004 [69 FR 50180]) (DOE 2000). Under this option,
plutonium-238 would be produced domestically by irradiation of neptunium-237 targets in
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existing, operating reactors at the Oak Ridge National Laboratory (ORNL) in Oak Ridge,
Tennessee and the Idaho National Laboratory (INL).

Currently, DOE is considering plans to consolidate operations at its INL facility for the domestic
production of plutonium; the NEPA process for this action is on-going (DOE 2005a). Three
alternatives are being evaluated by DOE for this purpose: the Consolidation Alternative
(consolidate all RPS activities at INL); the Consolidation with Bridge Alternative (interim use of
existing facilities until new INL facilities are completed); and the No Action Alternative
(maintain status quo). NASA holds no stake in the decision ultimately taken by DOE related to
its long-term production of plutonium-238. NASA’s Proposed Action in this FPEIS in
independent of the Draft Environmental Impact Statement for the Proposed Consolidation of
Nuclear Operations Related to the Production of Radioisotope Power Systems (DOE 2005a)
alternative selected by the DOE.

Additional details are available in the following DOE NEPA documentation:

e The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a)

e The Site-Wide Environmental Impact Statement for the Continued Operation of the Los
Alamos National Laboratory (DOE 1999a)

e The Environmental Assessment for Radioisotope Heat Source Fuel Processing and
Fabrication (DOE 1991)

4.1.4 Environmental Impacts of Plutonium-238 Fuel Clad Production at LANL

LANL has the capacity to process, evaluate, and test up to 25 kg (55 1b) of plutonium-238 per
year (yr). Less than 10 kg (22 1b) of plutonium-238 would be required to fuel an MMRTG and
an SRG Qualification Unit. This is well below the annual processing capacity of the LANL fuel
fabrication facility. These activities would take place at the plutonium facility, Technical Area
(TA)-55-4 (DOE 1999a).

The activities at LANL associated with the Proposed Action would be within the normal scope
of operations at the facility. The impacts of these operations at LANL on the following areas
have been addressed in DOE NEPA documents. No substantial impacts were determined by
DOE for any of these areas.

Land Use

Radiological and Non-Radiological Air Quality
Noise

Water Resources

Geology and Soils
Ecological Resources
Cultural Resources
Socioeconomics

Site Infrastructure

Waste Management

Human Health Consequences
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Activities associated with the Proposed Action would occur at DOE sites, such as LANL, within
existing DOE facilities that: 1) already support the NASA’s RPS needs as well as other
government agencies, and 2) are subject to existing DOE NEPA documentation which addresses
production levels sufficient to include the production of plutonium-238 dioxide fuel for NASA.
The proposed advanced RPS development actions that would be performed at DOE facilities are
the same as ongoing RPS activities; activities that would be expected to continue whether or not
the development of the advanced RPS designs continue.

The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) has most
recently analyzed the impacts associated with the above activities. This EIS addressed, among
others, the impacts of activities associated with domestic production of plutonium-238 (from
target fabrication through target irradiation in a nuclear reactor to the extraction of plutonium-
238 from the targets), purification, conversion to an oxide, and encapsulation of the plutonium
into fueled clads; and the assembly and testing of RPS units.

The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) reported that
the impacts of continued national security and space related plutonium-238 fuel pellet fabrication
operations at LANL (the No Action Alternative) would result in very, very small releases (on the
order of 1x10™® curies per year) with an estimated 1.8x10” person-rem/yr (or 3.8x10” Latent
Cancer Fatalities over the 35 year operating life) and a dose to the maximally exposed member
of the public of 1x10” rem/yr. The radiological impacts to the public from normal RPS related
operations at the LANL facilities are well below any regulatory limit applicable to the DOE and
are expected to be a very small fraction of the public health impact from sitewide operations.
Worker exposures from continued operations were estimated as 19 person-rem/yr with an
average worker dose of 0.24 rem/yr. These exposure estimates are within the limits set for
occupational exposure and are not significantly different from worker exposures from other site
plutonium glovebox activities.

The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) also reported
that the radiological accident risks of continued national security and space related plutonium-
238 fuel pellet fabrication operations at LANL would be very small (with a maximum annual
cancer risk of 0.00025 for the surrounding population). Radiological risks to the public
associated with potential accidental releases from RPS related activities also are a small
contributor to the overall risks associated with operations at the site. Exposures from some
accidents could be in excess of occupational dose limits for some site workers.

Continued national security and space related plutonium-238 fuel pellet fabrication operations at
LANL were estimated in the Draft Environmental Impact Statement for the Proposed
Consolidation of Nuclear Operations Related to the Production of Radioisotope Power Systems
(DOE 2005a) to result in generation of about 13 cubic meters (m’) of transuranic waste and 150
m’ of low-level radioactive wastes yearly. Additional details are available in the following DOE
NEPA documentation:

e The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a)
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e The Site-Wide Environmental Impact Statement for the Continued Operation of the Los
Alamos National Laboratory (DOE 1999a)

e The Environmental Assessment for Radioisotope Heat Source Fuel Processing and
Fabrication (DOE 1991)

4.1.5 Environmental Impacts of RPS Operations at INL

The INL would integrate the fueled clads produced at LANL with the GPHS modules and the
selected converter assembly (either the MMRTG or SRG). INL would perform qualification and
acceptance testing of both integrated units.

The activities at INL associated with the Proposed Action would be within the normal scope of
operations at the facility. The impacts of these activities at INL on the following areas have been
addressed in DOE NEPA documents. No substantial impacts associated with these activities
were determined by DOE within any of these areas.

Land Use

Radiological and Non-Radiological Air Quality
Noise

Water Resources

Geology and Soils
Ecological Resources
Cultural Resources
Socioeconomics

Site Infrastructure

Waste Management

Human Health Consequences

Activities associated with the Proposed Action would occur at INL, within existing DOE
facilities that: 1) already support the NASA’s RPS needs as well as other government agencies,
and 2) are subject to existing DOE NEPA documentation which addresses production levels
sufficient to include the production of plutonium-238 for NASA. The proposed advanced RPS
development actions that would be performed at DOE facilities are the same as for ongoing RPS
activities; activities that would be expected to continue whether or not the development of the
advanced RPS designs continue or not.

Impacts associated with these activities have been analyzed in previous DOE NEPA
documentation, most recently the Draft Environmental Impact Statement for the Proposed
Consolidation of Nuclear Operations Related to the Production of Radioisotope Power Systems
(DOE 2005a). This document has addressed, among others, the impacts of activities associated
with domestic production of plutonium-238 (from target fabrication through target irradiation in
a nuclear reactor to the extraction of plutonium-238 from the targets), purification, conversion to
an oxide, and encapsulation of the plutonium dioxide into fueled clads, and the assembly and
testing of RPS units.

The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) reported that
continued national security and space related plutonium-238 operations at INL (the No Action
Alternative) would result in very, very small releases (estimated 1.7x10 person-rem/yr or
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3.5x10™ Latent Cancer Fatalities over the 35 year operating life and the maximally exposed
member of the public dose of 1.4x107'° rem/yr). The facilities at INL where such operations
would occur would handle only fully encapsulated radioactive material and therefore these
operations would result in no expected releases and off-site radiological consequences. There
would be no other types of radiological releases from RPS nuclear production operations. The
radiological impacts to the public from normal RPS-related operations at the INL facilities are
well below any regulatory limit applicable to the DOE and are expected to be a very small
fraction of the public health impact from sitewide operations. Worker exposures from continued
operations were estimated as 1.2 person-rem/yr with an average worker dose of 0.017 rem/yr.
These exposure estimates are well below the limits set for occupational exposure.

The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) also reported
that the radiological accident risks of continued national security and space related RPS

assembly operations at INL would be very small (with a maximum annual cancer risk of 0.0026
for the surrounding population). Radiological risks to workers and the public associated with
accidental releases from RPS related activities also are a small contributor to the overall risks
associated with operations at the site.

Continued national security and space related RPS assembly operations at INL were estimated in
the Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a) to result in
generation of a minimal amount of transuranic waste and 1 m® of low-level radioactive wastes
per year.

Additional details are available in following DOE NEPA documentation:

e The Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a)

e The Environmental Assessment for the Future Location of Heat Source/Radioisotope Power
System Assembly and Operations Currently Located at the Mound Site
(DOE 2002b)

e The Programmatic Environmental Impact Statement for Accomplishing the Isotope
Production Missions in the United States, including the Role of the Fast Flux Test Facility
(DOE 2000)

Transportation to INL

The overall transportation impact associated with the Proposed Action would be based on the
total number of shipments of plutonium dioxide for assembling one advanced RPS at INL. Two
shipments of encapsulated plutonium-238 from LANL to INL are assumed to be required for
fabrication of one MMRTG at INL; one shipment for the SRG. Transportation impacts and the
finding of no significant impacts are discussed in a DOE NEPA document (DOE 2002b). The
impacts of ongoing and proposed RPS-related transportation activities are also discussed in the
Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear Operations
Related to the Production of Radioisotope Power Systems (DOE 2005a). The radiological
accident risk associated with the limited shipments of encapsulated plutonium-238 from LANL
to INL would be very small, on the order of 6.99x10™® LCF (DOE 2005a).
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4.1.6 Environmental Impacts of Advanced RPS Safety Testing

If the DOE safety analysis process identifies the need for additional safety tests of the response
of the MMRTG or SRG under launch or reentry accident conditions, part or full-scale testing of
the power system with fuel simulant may be needed. The locations associated with these
potential tests have yet to be determined. If tests such as these are needed, then the impacts
would be expected to be similar to those evaluated and experienced with the tests performed at
Sandia National Laboratory (SNL) in support of the Cassini Mission (DOE 1995). The
environmental impacts of these tests, including expected operations and accidents, were
described in detail in the EA that was prepared to support testing of the Cassini GPHS-RTG
(DOE 1995). This EA indicated that under expected operations, environmental impacts would
be limited to the personnel involved in the tests and those impacts would be minimal.

4.1.7 Environmental Considerations Associated with End Use of the Advanced RPS

This FPEIS addresses the environmental impacts associated with the development of the
MMRTG and SRG to the point where Qualification Units are fabricated and tested. Use of an
advanced RPS on a NASA mission is a potential end use however, the environmental impacts
associated with the use of future flight units (i.e., a mission that includes either of the advanced
RPS units) are not within the scope of this FPEIS. Each mission that proposes to use an
advanced RPS would be subject to further mission-specific NEPA documentation. The
following information is intended to provide some perspective on the environmental impacts
associated with the potential use of an advanced RPS on future missions.

The potential environmental impacts associated with normal launches for a mission using either
an MMRTG or a SRG would be expected to be the same as, or very similar to, the environmental
impacts resulting from normal launches, which have been addressed in previous environmental
documentation (e.g., NASA 2005¢c; NASA 2002a; USAF 2000; USAF 1998). The analyses
performed have shown these impacts to be short term in nature and associated primarily with
exhaust products and noise. No long-term adverse impacts to air quality near the launch area
would be expected from the normal launch of missions with advanced RPSs.

Each mission that proposes to carry an advanced RPS would be the subject of both a NEPA
process and a separate and independent nuclear safety launch approval process. The NEPA
process for each mission utilizes a mission-specific nuclear risk assessment to evaluate the
potential radiological impacts of launch accidents. This risk assessment would consider mission
specific factors such as the type of advanced RPS selected, the launch vehicle configuration and
reliability, launch-site meteorological conditions, and demographic data (launch area and
worldwide) that could influence the risk estimates for a specific mission. No mission-specific
risk assessment addressing the use of either advanced RPS has been developed to date.

Mission specific factors that affect the calculated risk include: (1) the protective features of the
launch vehicle and the devices containing the radioactive material, (2) the probability of an
accident which could threaten the radioactive material, (3) the accident environments, and (4) the
amount and type of radioactive material used in a mission. For missions that would use an
advanced RPS, many of these factors would be similar to those factors considered in the analyses
for missions that used the GPHS-RTG.
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The design of the GPHS modules to be used in the advanced RPS will incorporate the same
safety features as those used in the GPHS-RTG, with additional material added to the graphite
aeroshell. These modifications hold the potential to further reduce the quantity of plutonium that
could be released as the result of some accidents. The GPHS modules would continue to be
fueled with plutonium dioxide, with the plutonium consisting primarily of plutonium-238.

DOE has spent over 30 years in the engineering, fabrication, safety testing, and evaluation of
GPHS modules, building on the experience gained from previous heat source development
programs and an information base that has grown since the 1950s. DOE has designed the GPHS
to assure that the plutonium dioxide is contained or immobilized (limited movement within the
environment if not contained) to the maximum extent practical during all mission phases,
including ground handling, transportation, launch, and unplanned events such as atmospheric
reentry from Earth orbit (NASA 2002b; NASA 1995).

Accident environments associated with all of the launch vehicles being considered for the
missions carrying either an MMRTG or SRG would be expected to be similar to the range of
environments that have been analyzed for the earlier NASA missions carrying a GPHS-RTG.
Past analyses considered combinations of environments including thermal and mechanical stress
to assess the potential for damage to the radiological material.

The nuclear safety launch approval process, as prescribed in Presidential Directive/National
Security Council Memorandum 25, requires that a detailed Safety Analysis Report (SAR), which
also includes a mission-specific risk assessment, be prepared and reviewed by an ad hoc
Interagency Nuclear Safety Review Panel (INSRP) to provide a separate evaluation of the
analysis. The INSRP critically reviews the SAR and prepares a Safety Evaluation Report (SER).
The NASA Administrator considers the DOE SAR and the INSRP SER and submits a request
for nuclear safety launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

4.1.8 Environmental Justice

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations, directs each Federal entity to consider the impacts of
its actions on minority populations and low-income populations within a region of influence.
Several DOE and other Federal sites would be used in implementing the Proposed Action. The
documents referenced in this FPEIS (e.g., DOE 2005a; DOE 2002b; DOE 2000) for these sites
include the activities associated with this R&D effort. As indicated in the referenced NEPA
documentation, these activities would have no disproportionately high or adverse human health
or environmental impacts on low-income populations or minority populations.

4.2 ENVIRONMENTAL IMPACTS OF THE NO ACTION ALTERNATIVE

Under the No Action Alternative, NASA would discontinue R&D efforts for the development of
the two advanced RPS designs, the MMRTG and the SRG. However, NASA would continue to
pursue the R&D of alternative radioisotope power systems and power converter technologies
(see Section 4.3).

Under the No Action Alternative, NASA would continue to consider the use of the existing RTG
technology (the GPHS-RTG) that would be supplied by the DOE. It is estimated that one or two
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GPHS-RTGs can be assembled from existing inventory to support near-term mission needs. For
longer term radioisotope power system needs, the GPHS-RTG production line would have to be
restarted. At such time, an environmental review may have to be performed. Environmental
impacts associated with DOE production of GPHS-RTG flight units have been addressed in
existing DOE NEPA documents (e.g., DOE 2002b; DOE 2000; DOE 1999a; DOE 1995; DOE
1993a; DOE 1991) and would be similar to impacts discussed previously in Sections 4.1.3, 4.1.4,
and 4.1.5 in this FPEIS.

4.2.1 Environmental Considerations Associated with End Use of GPHS-RTG

The environmental impacts associated with the potential use of a GPHS-RTG are not within the
scope of this FPEIS. Missions that could use a GPHS-RTG would be subject to further NEPA
documentation, in the form of mission specific EISs. The information provided in Section 4.1.7
addressing the non-radiological and radiological impacts associated with a mission is applicable
to a mission that would use a GPHS-RTG and provides some perspective on the environmental
impacts associated with the potential use of the GPHS-RTGs on future missions.

4.2.2 Environmental Justice

Executive Order 12898, Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations, directs each Federal entity to consider the impacts of
its actions on minority populations and low-income populations within a region of influence.
Several DOE and other Federal sites would be used in implementing the No Action Alternative.
The documents referenced in this FPEIS (e.g., DOE 2005a; DOE 2002b; DOE 2000) for these
sites include the activities associated with this R&D effort. As indicated in the referenced NEPA
documentation, these activities would have no disproportionately high or adverse human health
or environmental impacts on low-income populations or minority populations.

4.3 ENVIRONMENTAL IMPACTS OF ADVANCED CONVERTER
DEVELOPMENT

The NASA R&D efforts involving power conversion technologies are on-going activities and are
addressed under both the Proposed Action and the No Action Alternative as these efforts will
continue independent of the decision to be made in this PEIS. Advanced converter development
encompasses R&D of radioisotope power converter technologies including R&D into
technologies that could be used to improve the MMRTG and SRG. Included in the radioisotope
power technology systems research is R&D for small RPSs that are based on the GPHS and the
radioisotope heater unit (RHU). The basic research into radioisotope power converter
technologies consists of a radioisotope power conversion technology efforts and directed
research activities performed by and at NASA facilities.

The radioisotope power conversion technology development is performed as part of NASA
Research Announcements (NRAs) and is performed as cooperative efforts between private
businesses, educational institutions, NASA research facilities, and national laboratories. These
activities are directed toward developing improved converter technologies (for example,
improved converter efficiency) that can be used as part of power systems with electric outputs
ranging from milliwatts to several hundred watts. These activities are typically small-scale R&D
efforts. In addition, NASA will also consider power conversion technologies developed by
industry and other organizations independent of NASA’s action.
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All of the activities identified as part of the radioisotope power conversion technology
development effort are performed in existing facilities that require, at most, minimal
modification. Some of these activities have been initiated, while additional future NRAs are
anticipated. The specific activities and locations associated with these future activities have yet
to be determined. These future activities are expected to consist of operations that are similar to
those that are either ongoing or have been conducted in the past. This allows for reasonable
estimates to be made of the potential impacts of the proposed future activities. Impacts
associated with some of the radioisotope power conversion technology development efforts
already initiated at various private businesses, educational institutions, NASA research facilities,
and national laboratories include (GRC 2004a):

e Discharge of small amounts of solvent vapors and process gases. These releases are within
limits established by Federal and State law and local ordinances.

e Storage and use of small quantities (quantities associated with processing a single to a few
experimental units) of solvents and chemicals, and generation of minor amounts of hazardous
wastes in support of this effort would be within permitted limits for the facility. Disposal of
hazardous wastes is via licensed contractors.

e Use of low-odor materials and hazardous materials and potential venting to the atmosphere
of xenon or helium gasses. Emissions would comply with Federal, State and local laws and
regulations for: airborne emissions, waterborne effluents, external radiation levels, outdoor
noise, solid and bulk waste disposal, and handling and storage of toxic and hazardous
materials.

The environmental impacts associated with directed R&D efforts for advanced converter
technologies would be limited to minor variations in the quantity of airborne emissions,
waterborne effluents, and waste disposal at each of the involved facilities; and subsequently both
the short-term and long-term environmental impacts are expected to be minimal (GRC 2003;
NASA 2004c). Based on the current activity at GRC for the improvements to SRG technology
and the segmented thermoelectric development efforts at the Jet Propulsion Laboratory (JPL),
these impacts would be expected to include:

e Minimal or no increase in air emissions as a result of R&D activities and would be within
permitted limits,

e No direct or indirect adverse effects would be anticipated on either aquatic or terrestrial
ecosystems,

e No direct or indirect impact on water quality would be expected, and

e Minor changes in the employment levels at the facilities and therefore, little or no
socioeconomic impacts to the local communities.

Additional details are available in the following documentation:

¢ Radioisotope Power Conversion Technology Environmental Checklist (GRC 2004a)

e The Record of Environmental Consideration — Nuclear Electric Power & Propulsion
Research & Technology (GRC 2003)

e The Categorical Exclusions for MMRTG and SRG Research and Development Activities
(NASA 2004c)

e The Notice of Intent to Issue a Request for Proposal for Small Radioisotope Power Sources
for the Space and Defense Power Systems Program (DOE 2004)
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4.4 CUMULATIVE IMPACTS

Cumulative impacts of interest are associated with the operation of facilities that process the
radiological material, plutonium-238. These facilities include the LANL fuel processing facility,
TA-55, and the RPS assembly and testing facility at INL. Both LANL and INL are large DOE
sites that are involved in a multitude of DOE projects and programs. The advanced RPS
development activities are a relatively small part of the overall activities at these sites.
Cumulative impacts associated with the activities at NASA facilities are within the operating
limits as described in the ERD associated with each of the facilities.

The four documents containing the primary references for the cumulative impacts at DOE
facilities at LANL are the:

e Environmental Impact Statement for the Proposed Relocation of Technical Area 18
Capabilities and Materials at the Los Alamos National Laboratory (DOE 2002a),

e Final Environmental Impact Statement for the Chemistry and Metallurgy Research Building
Replacement Project at Los Alamos National Laboratory (DOE 2003b),

e Site-Wide Environmental Impact Statement for Continued Operation of the Los Alamos
National Laboratory (LANL SWEIS) (DOE 1999a), and

e Draft Environmental Impact Statement for the Proposed Consolidation of Nuclear
Operations Related to the Production of Radioisotope Power Systems (DOE 2005a).

Impacts associated with the Expanded Operations Alternative presented in the LANL SWEIS
provide the baseline for current operations at LANL. The projected incremental environmental
impacts of reasonably foreseeable future actions at LANL are presented in the EIS for the
Chemistry and Metallurgy Research Building Replacement Project.

The impacts of DOE's national security and space-related RPS operations at LANL have most
recently been summarized in The Draft Environmental Impact Statement for the Proposed
Consolidation of Nuclear Operations Related to the Production of Radioisotope Power Systems
(DOE 2005a). The No Action Alternative in that Draft EIS identified the incremental impacts of
the ongoing national security and space-related RPS operations. The radiological impacts
associated with the total plutonium-238 fuel pellet fabrication operations at LANL, compared to
the baseline impacts for the Expanded Operations Alternative in the LANL SWEIS, are: 1.8x107
person-rem/yr out of the total site impact of 33 person-rem/yr to the general public due to normal
operations; 19 person-rem/yr to facility workers out of the total site impact of 833 person-rem/yr
to workers; and 1x10” rem/yr to the maximally exposed member of the public out of the total
site impact of 5.44x10~ rem/yr to the maximally exposed member of the public. These impacts
from RPS operations at LANL are a small fraction of overall LANL radiological impacts. The
RPS-related impacts are also well below the applicable EPA limit of 0.01 rem/yr to the
maximally exposed member of the public. Transportation and waste impacts due to RPS
operations at LANL are below overall LANL impacts.

Continued national security and space related plutonium-238 fuel pellet fabrication operations at
LANL were estimated in the Draft Environmental Impact Statement for the Proposed
Consolidation of Nuclear Operations Related to the Production of Radioisotope Power Systems
(DOE 2005a) to result in generation of about 13 m® of transuranic waste and 150 m® of low-level
radioactive waste per year.
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Activities associated with the RPS operations are a small contributor to the cumulative waste
generation impacts:

“The contribution to cumulative waste management impacts from other Proposed
Actions at LANL, particularly the overall waste generation at LANL during the
next 10 years from the disposition of buildings and environmental restoration
efforts, could be large. Construction and demolition wastes would be recycled
and reused to the extent practicable. Existing waste treatment and disposal
facilities would be used according to specific waste types. Solid wastes would be
disposed of at the Los Alamos County Landfill or other appropriate permitted
solid waste landfills. Demolition wastes would similarly be disposed of at
appropriate facilities.” (DOE 2003b, page 4-79)

The cumulative impacts of DOE's national security and space-related RPS operations at INL
have most recently been summarized in the Draft Environmental Impact Statement for the
Proposed Consolidation of Nuclear Operations Related to the Production of Radioisotope Power
Systems (DOE 2005a). The No Action Alternative in that Draft EIS identified the incremental
impacts of the ongoing national security and space-related RPS operations on past, present, and
reasonably foreseeable actions at INL. The radiological impacts associated with the total RPS
assembly operations at INL are: 6.0x10” person-rem/yr out of the total site impact of 0.35
person-rem/yr to the general public due to normal operations; 1.2 person-rem/yr to facility
workers out of the total site impact of 390 to 422 person-rem/yr to workers; and 1.4x10"" rem/yr
to the maximally exposed member of the public out of the total site impact of 6.9x107° rem/yr to
the maximally exposed member of the public. These impacts from RPS operations at INL are a
small fraction of overall INL radiological impacts. The impacts are also well below the
applicable EPA limit of 0.01 rem/yr to the maximally exposed member of the public.
Transportation and waste impacts due to RPS operations at INL are below 0.01% of overall INL
impacts.

4.5 ENVIRONMENTAL EFFECTS THAT CANNOT BE AVOIDED

The adverse environmental effects of implementing the Proposed Action or reactivating the
GPHS-RTG manufacturing line, including associated Si/Ge thermocouple production, under the
No Action alternative are not expected to be substantial. The development activities associated
with the MMRTG and the SRG would take place at government and commercial facilities noted
earlier in Section 4.1 (e.g., in California, Maryland, Colorado, New Mexico, Idaho, Ohio, and
Pennsylvania) and activities involving the use of radioisotopes would be performed at existing
DOE sites. The MMRTG and SRG development activities that would take place would be
similar to the range of activities that have been ongoing at those facilities. The environmental
impacts of these activities are expected to be minor and not substantial, and are expected to be
within the envelope of permitted activities at those facilities.

Import and transportation of plutonium dioxide as well as purification and encapsulation of
fueled clads at LANL or INL, advanced safety testing of the MMRTG and SRG with radioactive
simulants, and assembly and testing of the MMRTG and SRG Qualification Units have a very
low risk of exposures of workers and the public to radioactive releases associated with those
activities. Continued plutonium dioxide pellet fabrication for both national security and space
related applications at LANL have been estimated to generate about 13 m’of transuranic wastes
and 150 m’of low-level radioactive wastes per year (DOE 2005a). Plutonium dioxide pellet
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fabrication for the MMRTG and SRG Qualification Units would constitute a small fraction those
annual levels. There remains a very low residual risk of accidents associated with the production
of plutonium dioxide, fabrication of the fueled clads, and testing of the MMRTG and SRG that
cannot be completely eliminated.

The R&D activities associated with the MMRTG and SRG converters would take place at the
commercial facilities noted earlier in Section 4.1 (e.g., in California, Maryland, Colorado, and
Pennsylvania), at NASA’s Glenn Research Center in Ohio, and at the Jet Propulsion Laboratory
(JPL), in California. The MMRTG and SRG advanced converter activities that would take place
would be similar to the range of activities that have been ongoing at those facilities. The
environmental impacts of the MMRTG and SRG advanced converter activities are expected to
be minor and not substantial, and are expected to be within the envelope of permitted activities at
those facilities.

Continued R&D on alternative radioisotope power systems and power converter technologies
will continue whether or not the Proposed Action is implemented or the No Action alternative is
instituted. These activities take place in NASA, commercial, and university facilities, are similar
to ongoing activities at these facilities and do not result in substantial adverse environmental
impacts.

4.6 INCOMPLETE OR UNAVAILABLE INFORMATION

While this FPEIS has identified a number of uncertainties associated with this development
effort (such as the location of future NRA sponsored activities), there is no incomplete or
unavailable information relevant to reasonably foreseeable significant adverse impacts associated
with implementation of the Proposed Action or the No Action Alternative.

4.7 RELATIONSHIP BETWEEN SHORT-TERM USES OF THE HUMAN
ENVIRONMENT AND THE MAINTENANCE AND ENHANCEMENT OF
LONG-TERM PRODUCTIVITY

The activities that would take place under the Proposed Action or the No Action Alternative
occur primarily at Federal facilities and are not inconsistent with Federal, State, local or tribal
land use plans.

The successful completion of the advanced RPS development activity would benefit the U.S.
space program. In addition to the localized economic benefits, implementing the advanced RPS
missions has broader long-term socioeconomic benefits. These include technology spin-offs
(such as: high temperature material advancements, higher reliability control systems for Stirling
cycle machines and improved efficiency thermoelectric material(s)) to industry and other space
use missions; advancing the unique capability of the U.S. to conduct complex planetary missions
(thus facilitating major advances in scientific knowledge and humanity’s understanding of
nature); and supporting continued scientific and engineering education and research at
institutions of higher learning.

4.8 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

An irretrievable resource commitment results when a spent resource cannot be replaced within a
reasonable period of time. For the Proposed Action or the No Action Alternative, relatively
small quantities of various resources, including energy, fuels, and other materials, would be
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irreversibly and irretrievably committed. The use of these resources would be associated with
the fabrication of the MMRTG, SRG, or the GPHS-RTG.

The total quantities of materials used in the development and production of the MMRTG, SRG,
or the GPHS-RTG for future NASA space missions that would be irreversibly and irretrievable
committed are relatively minor and may not be irretrievable until the device is used on a mission.
Typically, these materials include steel, aluminum, titanium, molybdenum, plastic, graphite,
glass, nickel, chromium, lead, zinc, and copper. Less common materials may include small
quantities of iridium, beryllium, silver, mercury, gold, rhodium, gallium, germanium, niobium,
platinum, plutonium, and tantalum.

4.9 ENVIRONMENTAL COMPLIANCE AT ADVANCED RPS DEVELOPMENT,
FABRICATION, ASSEMBLY, AND TEST SITES

As part of the NEPA process, an EIS must consider whether actions described under its
alternatives would be in compliance with Federal requirements or require Federal permits,
licenses, or other entitlements.

In implementing the Proposed Action or the No Action Alternative, all facilities would have to
comply with applicable Federal, state, and local rules, regulations, and ordnances to meet with
the requirements, standards, and guidelines; for example, air emissions, effluent discharges, solid
and hazardous waste disposal, and noise abatement. Process products such as air emissions,
effluents, and waste generation are not expected to require new or additional permitting or
licensing and would be disposed of accordingly. Required permits are currently in place at these
facilities to support the advanced RPS effort.
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6 AGENCIES AND INDIVIDUALS CONSULTED

This Final Programmatic Environmental Impact Statement (FPEIS) for the development of
advanced Radioisotope Power Systems (RPS) was preceded by a Draft Programmatic
Environmental Impact Statement (DPEIS), which was made available for review and comment
by Federal, State, and local agencies and the public on January 6, 2006. The public review and
comment period closed on February 21, 2006. Comments on the DPEIS were considered during
the preparation of this FPEIS.

In preparing the PEIS, NASA has actively solicited input from a broad range of interested
parties. In addition to publication in the Federal Register of a Notice of Availability (71 FR 625)
for the DPEIS, NASA mailed copies of the DPEIS directly to agencies, organizations, and
individuals who may have an interest in environmental impacts and alternatives associated with
the development of advanced RPS. In addition, the DPEIS was made publicly available in
electronic format on NASA’s web site.

Comments on the DPEIS were solicited or received from the following:
Federal Agencies

Council on Environmental Quality
Federal Emergency Management Agency
National Science Foundation
Office of Management and Budget
U.S. Dept. of Agriculture
U.S. Dept. of the Air Force
U.S. Dept. of Commerce
National Oceanic and Atmospheric Administration
U.S. Department of Energy
Idaho Operations Office
Los Alamos National Laboratory
U.S. Dept. of Health and Human Services
Centers for Disease Control and Prevention
National Cancer Institute
U.S. Dept. of the Interior
Fish and Wildlife Service
National Park Service
U.S. Dept. of State
U.S. Dept. of Transportation
Federal Aviation Administration
Research and Special Programs Administration
U.S. Coast Guard
U.S. Environmental Protection Agency
U.S. Nuclear Regulatory Commission
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State Agencies
State of Florida

East Central Florida Regional Planning Council
Florida Department of Environmental Protection
Florida State Clearinghouse

State of Florida, Office of Governor

State of Idaho

State of Idaho, Office of Governor
Idaho Department of Environmental Quality
INL Oversight Program

State of New Mexico

State of New Mexico, Office of Governor
New Mexico Environment Department

State of Ohio

State of Ohio, Office of Governor
Ohio Environmental Protection Agency

State of California

State of California, Office of Governor
California State Clearinghouse

State of Maryland

State of Maryland, Office of Governor
Maryland Department of the Environment
Maryland State Clearinghouse for Intergovernmental Assistance

County Agencies
State of Florida

Brevard County
Board of County Commissioners
Comprehensive Planning Division
Economic Development Commission of Florida’s Space Coast
Natural Resources Management Office
Office of Emergency Management
Planning and Zoning Office
Public Safety Department

Lake County

Orange County

Osceola County

Seminole County

6-2



Volusia County
State of Idaho

Butte County
Bingham County
Jefferson County
Bonneville County
Clark County
Bannock County

State of New Mexico

Los Alamos County
Santa Fe County
Bernalillo County

State of Ohio

Cuyahoga County
Erie County

State of California

Los Angeles County
State of Maryland

Harford County
Baltimore County

Local Agencies

State of Florida

Canaveral Port Authority
City of Cape Canaveral
City of Cocoa

City of Cocoa Beach
City of Kissimmee

City of Melbourne

City of New Smyrna Beach
City of Orlando

City of West Melbourne
City of St. Cloud

City of Titusville

State of Idaho

City of Blackfoot
City of Idaho Falls
City of Pocatello
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State of New Mexico

City of Albuquerque
City of Santa Fe

State of Ohio

City of Brook Park
City of Cleveland
City of Sandusky

State of California

City of Pasadena
State of Maryland

City of Aberdeen
Organizations

The American Association for the Advancement of Science
American Astronomical Society

American Institute of Aeronautics and Astronautics
American Society of Mechanical Engineers

Audubon of Florida

Citizens for Alternatives for Radioactive Dumping
Concerned Citizens for Nuclear Safety

Economic Development Commission of Florida's Space Coast
Economists Allied for Arms Reduction

Environmental Defense Fund

Environmental Defense Institute

Federation of American Scientists

Florida Coalition for Peace and Justice

Friends of the Earth

Global Network Against Weapons and Nuclear Power in Space
Global Resource Action Center for the Environment
Global Security.org

Greenpeace International

Interhemispheric Resource Center

Indian River Audubon Society

INEEL Oversight Program

Los Alamos Study Group

The Mars Society

Mercy Investment Program

National Audubon Society

National Space Society

National Tribal Environmental Council

National Wildlife Federation

Natural Resources Defense Council
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The Nature Conservancy
Nuclear Watch of New Mexico
People’s Action for Clean Energy

The Planetary Society

Responsible Environmental Action League

Sierra Club

The Sisters of St. Francis of Philadelphia

Snake River Alliance

Southwest Network for Environmental and Economic Justice
Union of Concerned Scientists

Individuals

The following individuals commented on the notice of intent (NOI) (69 FR 21867), the NOI
extension (69 FR 43629), or one of the DPEIS notices of availability (17 FR 625, 71 FR 928) by
way of letters or electronic mail on issues and topics that are presented in Section 1.4 (NEPA
Planning and Scoping Activities). In addition, eight comments were received via electronic mail
with only the e-mail address provided.

Acker, John
Adams, Gloria
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Alt, Lisa

Anderson, Robert L., Ph.D.
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Annott, Roberta H.
Atkins, Randy
Baker, Al

Baker, Sheila
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Freund, Sister Karen, OP
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APPENDIX A: GLOSSARY OF TERMS

acceptance testing—A program of measurements and operational tests (under a variety of
environmental conditions) that confirm an equipment item (e.g., RTG) meets flight
requirements.

accident environment—Conditions resulting from an accident scenario, such as blast
overpressures, fragments, and fire.

Advanced Radioisotope Power Systems (RPSs)—Two new RPS units, the Multi-Mission
Radioisotope Thermoelectric Generator and the Stirling Radioisotope Generator,
that use GPHS modules as the heat source.

affected environment—A description of the existing environment that could be affected by the
Proposed Action or its alternatives.

alpha particle—A positively charged particle ejected from the nuclei of some radioactive
elements. It is identical to a helium nucleus consisting of two protons and two neutrons
and has a mass number of 4. It has low penetrating power and a short range (a few
centimeters in air).

ambient air—The surrounding atmosphere, usually the outside air, as it exists around people,
plants, and structures. (It is not the air in the immediate proximity of an emission
source.)

attainment—An area is designated as being in attainment by the U.S. EPA if it meets the
National Ambient Air Quality Standards (NAAQS) for a given criteria pollutant.

background radiation—Ionizing radiation present in the environment from cosmic rays and
natural and manmade sources in the Earth; background radiation varies considerably
with location.

Categorical Exclusion—Documents proposed actions or activities that the agency has
designated under NASA NEPA regulations at 14 CFR 1216.305(d) as normally having
no significant impacts on the human environment, individually or cumulatively.

clad—High-strength metal shell that encapsulates and protects the plutonium dioxide to prevent
release into the environment.

criteria pollutants—Common and widespread pollutants with air quality standards under the
Clean Air Act. There are standards in effect for six criteria pollutants: sulfur dioxide
(SO,), carbon monoxide (CO), particulate matter equal to or less than 10 or 2.5 microns
in diameter (PM;y or PM; 5), nitrogen dioxide (NO;), ozone (Os3), and lead (Pb).

cultural resources—The prehistoric and historic districts, sites, buildings, objects, or any other
physical activity considered important to a culture, subculture, or a community for
scientific, traditional, religious, or any other reason.

cumulative impact—The impact on the environment which results from the incremental impact
of the action when added to other past, present, and reasonably foreseeable future actions
regardless of what agency (Federal or non-Federal), organization, or person undertakes



other such actions. Cumulative impacts can result from individually minor but
collectively significant actions taking place over a period of time.

curie (Ci)—A measure of the radioactivity level of a substance (i.e., the number of unstable
nuclei that are undergoing transformation in the process of radioactive decay); one curie
equals the disintegration of 3.7x10'° (37 billion) nuclei per second and is equal to the
radioactivity of one gram of radium-226.

decibel (dB)—A logarithmic measurement unit that describes a particular sound pressure
quantity to a standard reference value.

dose—The amount of energy deposited in the body by ionizing radiation per unit body mass.

dynamic system—A system that has moving parts. In this document, this term is used in
reference to the SRG.

Engineering Unit—A fully fabricated MMRTG or SRG unit fitted with electrical heaters
simulating radioisotope heat source modules (e.g., GPHS) for use in acceptance testing.

enhanced general purpose heat module—A GPHS module that incorporates safety related
design changes intended to improve the survivability of the fueled clad during
inadvertent reentry (unplanned reentry) and impact accident conditions.

Environmental Assessment (EA)—Documents proposed actions or activities that may possibly
have a significant impact on the quality of the human environment. The EA ultimately
leads to a decision by a Federal agency to issue either a Finding of No Significant Impact
(FONSI) or a Notice of Intent (NOI) to prepare an EIS.

Environmental Impact Statement—The National Environmental Policy Act of 1969 requires
that federal agencies prepare detailed analyses of any of their proposed actions that
significantly affect the quality of the environment. Environmental impact statements
(EISs) are the documents that present these analyses.

fueled—In this FPEIS, a fueled unit such as the MMRTG or the SRG is an RPS in which
plutonium dioxide fuel has been integrated as the heat source.

fueled clad—The combination of ceramicized plutonium dioxide fuel pellet and the iridium
cladding in which the fuel is encased.

fuel simulant—A ceramic material, traditionally, Urania (uranium dioxide), that is substituted
for plutonium dioxide in safety tests to simulate its mechanical properties.

general purpose heat source (GPHS)—A passive heating device (heat source) that uses
radioactive decay of non-weapons grade plutonium dioxide to provide heat which is
converted into electricity. Pu-238 dioxide is fabricated into pellets and encapsulated in
an iridium cladding forming a fueled clad. The fueled clads are encased in layers of
carbon-based material and placed within an aeroshell housing to comprise the complete
GPHS module. DOE has made safety related design changes to the GPHS. The step 1
change is the addition of a 0.25 cm (0.1 in.) graphite webbing in the center of the module
between the graphite impact shells. The step 2 change is an increase in the thickness of
the two module broad faces. A GPHS module that incorporates these step changes is
referred to as an enhanced GPHS.
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glovebox—Auirtight enclosures, vented to a closed filtering system, that separate workers from
equipment used to process hazardous material, while allowing the workers to be in
physical contact with the equipment; usually constructed of stainless steel and
acrylic/lead glass windows with portholes fitted with heavy-duty lead-impregnated
gloves.

health effects—Within the context of this document, health effects are defined as the number of
additional, or excess, latent cancer fatalities.

isotope—Any of two or more species of atoms of a chemical element with the same atomic
number and nearly identical chemical behavior, but with different atomic mass (number
of neutrons) or mass number and different physical properties.

latent cancer fatality—A cancer death occurring some time after, and postulated to be due to,
exposure to ionizing radiation or other carcinogens.

low-odor material—Use of materials which, when used in small quantities, emits vapors of
which are low in odor such that the impacts on the public are small.

maximally exposed individual—A hypothetical person who would receive the maximum
predicted dose.

meteorology—The scientific study of atmospheric phenomenon.
micron—A unit of length equal to one-millionth of a meter; also called a micrometer.

mission platform—Generic term to describe an conveyance used to carry out a particular
mission, such as a spacecraft, rover or airplane.

Mixed Waste—Mixed waste is waste that contains a hazardous waste component and a
radioactive material component. A hazardous waste is either listed under 40 CFR Part
261, Subpart D, and/or exhibits a characteristic described in 40 CFR Part 261, Subpart C.
Radioactive material must be classified as source, special nuclear, or byproduct material
subject to the Atomic Energy Act of 1954 (AEA) (42 U.S.C. Section 201 et seq.)

multi-foil insulation---A sandwich-like package containing alternating sheets of thin
molybdenum foil and quartz cloth, designed to thermally insulate components of the
GPHS-RTG in order to prevent over-heating and maximize power generated by the
thermocouples

Multi-Mission Thermoelectric Generator (MMRTG)—The MMRTG is one of two new
advanced RPS units anticipated under the Proposed Action. The MMRTG builds upon
spaceflight-proven passive thermoelectric power conversion technology while
incorporating improvements to allow extended operation in planetary atmospheres.

National Ambient Air Quality Standards (NAAQS)—Section 109 of the Clean Air Act
requires the EPA to set nationwide standards, the NAAQS are national standards for
widespread air pollutants. Six pollutants are regulated by NAAQS (see criteria
pollutants).
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National Environmental Policy Act (NEPA)—The National Environmental Policy Act of
1969, as amended (42 U.S.C. 4321 et seq.), NEPA was created to ensure federal agencies
consider the environmental impacts of their actions and decisions. NEPA requires all
federal agencies to systematically assess the environmental impacts of their proposed
actions and consider alternative ways of accomplishing their missions in ways which are
less damaging to the environment.

occupational dose limit—As applicable to this document, a specific quantity of radiation
received by a worker during the normal course of the worker’s activities.

oxides of nitrogen (NOyx)—Gases formed primarily by fuel combustion, which contribute to the
formation of acid rain. Hydrocarbons and oxides of nitrogen combine in the presence of
sunlight to form ozone, a major constituent of smog.

passive system—A system that has no moving parts. In this document, this term is used in
reference to the MMRTG or the GPHS-RTG.

Plutonium-238—An artificially produced isotope of plutonium with a half-life of 87.7 years
used as a heat source for radioisotope power systems. When plutonium-238 undergoes
radioactive decay it primarily emits alpha particles, energetic, heavy particles that can be
stopped by a thin material such as a piece of paper.

Qualification Unit—A fully fabricated radioisotope power system (e.g., MMRTG or SRG) unit
fitted with radioisotope heat source (€.g., GPHS) for use in design validation testing.
Qualification is the demonstration that a system design is suitable for use in space,
achieved through extensive testing under conditions more stressful than would be
experienced in space. Responses to extremes in temperature, vibration, acoustic noise
levels and other environments are typically tested on a demonstration model that is not
intended to be flown.

radiation—The emitted particles (alpha, beta (electrons or positrons emitted by certain
radioactive nuclei that can be stopped by aluminum), neutrons) or photons (X-rays,
gamma) from the nuclei of unstable (radioactive) atoms as a result of radioactive decay.
Some elements are naturally radioactive; others are induced to become radioactive by
bombardment in a nuclear reactor or other particle accelerator. The characteristics of
naturally occurring radiation are indistinguishable from those of induced radiation.

radiation dose—The amount of energy from ionizing radiation deposited within tissues of the
bodys; it is a time-integrated measure of potential damage to tissues from exposure to
radiation and as such is related to health-based consequences.

radioisotope heating unit (RHU)—An established, low power (1 watty,) heat source device that
generates heat through the radioactive decay of plutonium-238.

radioisotope power system (RPS)— An RPS generates electricity by converting the heat of
radioactive decay into electricity. Each RPS consists of two key components; a heat
source and a power converter. The RPS units developed by NASA have used
plutonium-238 as the heat source. The power converters on the current generation of
NASA RPS units are thermoelectric (thermocouple) converters.
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radioisotope thermoelectric generator (RTG)—An RPS which supplies electrical energy from
a heat source (the heat generated by the natural radioactive decay of non-weapons grade
plutonium dioxide) via a converter consisting of solid state thermocouples.

rem—The unit dose representing the amount of ionizing radiation needed to produce the same
biological effects as one roentgen of high-penetration X-rays (about 200 kilo electron
volts (Kev)).

Safe Secure Transport (SST)—A special fleet of trucks and trailers DOE uses to safely and
securely transport radioisotopes. The SST includes tie-down equipment, temperature
monitoring, fire alarms, and access denial system. The vehicles undergo extensive
checks prior to each trip as well as periodic maintenance checks.

Specific Power—Power output (W.) per unit mass of the power system.

Stirling cryocooler—A device using a Stirling engine for thermal control (e.g., instrument
thermal control).

Stirling engine—A mechanical closed-cycle device for the conversion of heat energy to
mechanical or electrical power by using the temperature difference between the hot end
and cold end of a cylinder to alternately heat and expand an enclosed gas and then
compress and cool the gas. This work can be used to drive a power piston that provides
mechanical power or can be used to power an electrical generator. The Stirling engine
used in the SRG converts decay heat from the plutonium-238 in a GPHS into the
reciprocating motion of a linear alternator, generating AC electric power and then, via an
AC/DC converter, generating DC power.

Stirling Radioisotope Generator (SRG)—SRG is one of two new advanced RPS units
anticipated under the proposed action. The SRG uses two Stirling engines as power
converters, more efficient converters than thermocouples therefore using less plutonium
to generate comparable amounts of electrical power.

thermocouples—Thermocouples in the RPS convert heat generated by the plutonium-238 to
electricity. Thermocouples use dissimilar pairs of specific types of electrically
conductive materials, known as thermoelectric materials, to produce electricity directly
from the temperature difference between the hot and cold sides of the thermocouple.

transuranic—Refers to any element whose atomic number is higher than that of uranium
(atomic number 92), including neptunium, plutonium, americium, and curium. All
transuranics are produced artificially and are radioactive.

Transuranic (TRU) waste—Radioactive waste, not classified as high-level waste, that contains
more than 100 nanocuries (3700 becquerals) per gram of alpha-emitting transuranic
isotopes with half-lives greater than 20 years. TRU waste disposal by shallow landfill
burial is not permitted.

watt—The watt (symbol: W) is the international derived unit for power. It is equivalent to 1
joule per second (1 J/s), or in electrical units, 1 volt-ampere (1 V-A).
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APPENDIX B: RESPONSES TO PUBLIC REVIEW COMMENTS

NASA Published a Notice of Availability (NOA) of the Draft Programmatic Environmental
Impact Statement (DPEIS) for the Development of Advanced Radioisotope Power Systems in the
Federal Register on January 5, 2006 (71 FR 625). The U.S. Environmental Protection Agency
published its NOA for the DPEIS in the Federal Register on January 6, 2006 (71 FR 928). The
DPEIS was mailed by NASA to 240 potentially interested Federal, State, and local agencies;
organizations; and individuals. NASA also sent electronic mail (E-mail) notifications to 86
potentially interested individuals who had submitted scoping comments via e-mail but who had
not provided a mailing address. In addition, the DPEIS was made available in electronic format
on NASA’s web site. The public review and comment period closed on February 21, 2006. A
total of 3 comment submissions were received from Federal, State, and local agencies: one from
the U.S., Environmental Protection Agency, one from the State of California, Governor’s Office
of Planning and Research, State Clearinghouse and Planning Unit, and one from the Maryland
Department of the Environment. A total of sixteen letters were received from individuals and
private organizations. A total of 36 comment submissions were received via e-mail from
individuals and private organizations.

This appendix provides specific responses to the comment submissions received from the
agencies, organizations, and individuals. Table B-1 lists the 3 comment submissions received
from Federal, State and local agencies; and the fifteen comment letters received from individuals
and organizations. (In reproducing the letter and e-mail submissions, contact information for
private organizations and individuals (addresses, phone numbers, and e-mail addresses) have
been withheld.) Copies of each of these submissions are presented following Table B-1. The
individual letters are presented in the left column with the relevant comments in each submission
numbered for identification. The NASA response to the numbered comments is provided in the
right column.

Table B-3 provides a list of the 36 comments submitted by private organizations and individuals
via e-mail. Following this table are the individual e-mails and the NASA responses to comments
presented in a two column format. The individual e-mails are presented in the left column with
the relevant comments in each submission numbered for identification. The NASA response to
the numbered comments is provided in the right column.

The comment submissions presented in this appendix include concerns regarding: (1) The use of
radiological material for the spacecraft electrical power source; (2) The impacts to workers, the
public, and the environment at DOE facilities; (3) The proper disposal of nuclear waste
(including proper material safeguards); (4) Launch-area accidents when using an RPS; and (5)
Possible military applications of the advanced RPS technology. Additionally, several comment
submissions recommended alternative actions including; (1) The development and use of
alternative (non-radiological) sources for electrical power; and (2) Using advanced RPS
development funds on other societal issues (e.g., health, education).
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TABLE B-1. WRITTEN COMMENTS RECEIVED ON THE DRAFT PEIS

Name Organization Date
Harriet Blue N/A 02/21/2006
Paul Blue N/A 02/21/2006
Priscilla Bradley N/A 02/15/2006
Julia Cato N/A 02/12/2006
Ms. Shauna Haines N/A 02/11/2006
Ms. Janice Harwood N/A 02/21/2006
Celeste McCollough Howard, PhD University of Dayton Research Institute (retired) 02/14/2006
Mrs. Leah R. Karpen N/A 02/10/2006
Dr. Laurence Kirby N/A 02/03/2006
Kathy Labriola N/A 02/12/2006
Mrs. Lilly Litsky N/A 02/21/2006
Miss Louise Marquis N/A 12/12/2006
Anne Norton Miller U.S. Environmental Protection Agency, Office of Federal 02/23/2006
Activities
Anne D. Mueller Maryland Department of the Environment 03/09/2006
Technical and Regulatory Services Administration
Nora M. Nash, OSF The Sisters of St. Francis of Philadelphia 02/17/2006
Terry Roberts State of California 03/06/2006
Governor’s Office of Planning and Research
State Clearinghouse and Planning Unit
Phyllis Sladek N/A 02/05/2006
William and Nancy Strong N/A 02/24/2006
Mr. Mark Wieder N/A 02/13/2006




Submission from Harriet Blue

February 21, 2006

Dear Dr. Misra,

| am writing to oppose the development and operation of Radioisotope Power
Systems (RPSs). As you are well aware, exposure to even small amounts of plutonium
se serious risks for humans and all living miol;?s. NASA has a record of spills at production
acilities and explosions of spacecraft on takeoff. Continued explorations using large
amounts of plutonium, like the recent New Horizons mission, increase the chance of
accidents that could make large areas of the country uninhabitable for billions of years and
cause serious iliness and death to those exposed to radiation.

Space exploration can still be accomplished using solar propulsion. | strongly
encourage NASA not to move forward on its development of RPSs. Use funding to
research alternative forms of energy for propulsion.

Sincerely,

Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE SAR
and the INSRP SER and, if the Administrator decides to continue with launch
preparations, submits a request for nuclear safety launch approval to the
Director of the Office of Science and Technology Policy (OSTP). The OSTP
Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues to
utilize solar power technology when it is the best fit for mission requirements.
However, there are some NASA science missions for which solar power or
other non-nuclear power technologies would not be adequate to meet mission
requirements. A range of power sources is considered for any NASA
mission, and each power source type is evaluated based upon a number of
factors, including how well it enables achieving the science and engineering
requirements of the mission. NASA continues to conduct research and
development to further improve solar technology and other non-nuclear
power technologies. Additionally, NASA is aware of the solar technology
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research and development activities of other agencies, both domestic and
foreign.




Submission from Paul Blue

February 21, 2006

Dear Dr. Misra,

| am writing to oppose the development and operation of Radioisotope Power
Systems (RPSs). As you are well aware, exposure to even small amounts of plutonium
pose serious risks for humans and all living things. NASA has a record of spills at productior
facilities and explosions of spacecraft on takeoff. Continued explorations using large
amounts of plutonium, like the recent New Horizons mission, increase the chance of
accidents that could make large areas of the country uninhabitable for billions of years and
cause serious illness and death to those exposed to radiation.

Space exploration can still be accomplished using solar J‘xc?ulsion. | strongly
encourage NASA not to move forward on its development of RPSs. Use funding to
research alternative forms of energy for propulsion.

Sincerely,

2
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Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7
and 2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
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research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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NASA Headquarters

Dr. Ajay Misra

Science Mission Directorate
Washington DC 20546

Re: DPEIS for the Development of Advanced Radioisotope Power Systems
Dr. Misra:

I have read the DPEIS for the Development of Advanced Radioisotope Power Systems, and I definitely note
concern for the safety of workers and the public, and for environmental impact, if the Proposed Action is adopted.

First, throughout the discussion of the environmental impact of the Proposed Action, non-quantitative and relative
terms, such as "small," or "negligible," are used. Other terms bother me: "might be,” "potential,” "anticipated.”
This makes me realize that nothing is for sure when we are testing, producing, or using nuclear materials.
Accidents are always possible.

Second, I am concerned regarding the transportation of plutonium dioxide. Just because this and related
production has been going on for a decade does not give me any assurance that accidents will not occur. Neither
does the fact that these operations, and other operations have been previously characterized in DOE and NEPA
documents.

Third, just because the two proposed radioisotope power systems (the Multi-Mission Radioisotope Thermoelectric
Generator and the Stirling Radioisotope) would use less plutonium does not rule out that they would still require
plutonium. Furthermore, it is stated in the DPEIS that depleted uranium has been used in testing, and implies that it
would continue to be used. Depleted uranium is also extremely dangerous in small amounts, as many of our Gulf
War veterans will allude to. It has also resulted in horrible birth defects in the Middle East.

Fourth, the DPEIS states that follow-on activities, such as launch-area preparations, final preparations, launch, and
post-launch operations using RPS, including on-orbit activities have the potential for accidents which would result
in the release of radiological material. A gain, accidents are always possible. An accident during one of these
operations could spread radioactive materials over a 60 mile radius, and even further if wind currents prevail.
Every person in that radius would have to be evacuated. What of the fall-out on their homes, animals, gardens,
soil, water bodies? The area would be totally uninhabitable. All would be radioactive for thousands of years. If
clean up of the area is carried out, where will that amount of radioactive waste be deposited? Currently, even the
standard means of nuclear waste is not acceptable.

The DPEIS implies that current non-nuclear energy technologies, including solar arrays, cannot deliver the power
needed for long lived missions to outer planets. If as much funding had gone into solar energies as into nuclear,
the opposite could be true. In Europe, the Rosetta Mission expects to use solar power in deep space.

I understand the professional intrigue of space exploration. The genius of the minds of NASA staff is to be
admired and respected. I, too, am intrigued by the stated noble goals of this proposed mission: To get answers
regarding habitability of distant planets and their moons; to obtain samples to better understand our solar system
and origins of life. But I also read between the lines.

I fear what is not stated in this DPEIS. | am concerned with the involvement of space exploration with the military

industrial complex and corporate powers. I will not support any proposal that has an underlying agenda to
militarize space. To use space for military purposes would be to make it off limits for all future generations.
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Response to Comment 1: The health and safety of workers, the
public, and the environment are a top priority of the RPS Program.
The potential health and safety impacts associated with RPS
production at DOE facilities, including information on worker
safety and potential environmental impacts associated with DOE’s
RPS program, is addressed in DOE’s NEPA documentation
including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power
Systems (DOE/EIS-0373D, June 2005). Information from DOE’s
documentation pertinent to the development of advanced RPS
designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3,
4.14,and 4.1.5.

NASA places the highest priority on the safe use of radioisotope
power systems and radioactive materials in its space activities. As
indicated in Section 4.1.7, future missions that would propose to
carry an MMRTG or SRG would be subject to both the NEPA
process and a separate and independent nuclear safety launch
approval process. As part of the NASA NEPA process, a mission
specific risk assessment would be performed. The nuclear safety
launch approval process requires that a detailed Safety Analysis
Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its
own Safety Evaluation Report (SER). The NASA Administrator
considers the DOE SAR and the INSRP SER and, if the
Administrator decides to continue with launch preparations,
submits a request for nuclear safety launch approval to the Director
of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the
matter to the President for a decision.

Response to Comment 2: The health and safety of workers, the
public, and the environment are a top priority in all aspects of the
RPS Program, including transportation. DOE is responsible for all
nuclear material transportation associated with RPS production,
including the safe transport of completed RPS units to Kennedy
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Already, there are 110,000 pieces of space junk orbiting the earth. The International Space Station has been moved
to another orbit so as not to be bombarded by this junk. Edgar Mitchell has said that space is the most
environmentally sensitive environment we have. If missiles are going to be aimed at other missiles and exploded in
space, billions of pellets will be orbiting the Earth. Even if we develop a means to actually deal sustainably with
nuclear waste, any visions of using space peacefully would be hopeless because we would not be able to get into
orbit without being bombarded by debris.

Back in 1961, Eisenhower said that space is going to be out there for a long time. We should not break our budget
on it now. Now, more than 40 years later, | as a taxpayer, think that is still true. We should take care of our
priorities here on Earth first. We need to deal with poverty, education, health care, infrastructure, and develop clean
alternative energies and mass transit.

Iurge NASA to put the goals of the Proposed Action on hold for future generations, after other priorities have
been satisfied, and at this time to accept the No Action Alternative,

Thank you for reading and considering my comments.

Sincerely,

3 5 _
%/%.ﬂ Car &dc)\,{;.f’?}:a ’ﬁd )
Priscilla Bradley
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Response to Comments

Space Center. As with all Federal agencies, DOE is required by
law to comply with provisions of NEPA, CEQ regulations, and
applicable DOE Regulations. Transportation risks related to RPS
production are discussed in more detail in the Nuclear
Infrastructure PEIS (DOE/EIS-310, December 2000), and Finding
of No Significant Impact and Final Environmental Assessment for
the Future Location of Heat Source/Radioisotope Power System
Assembly and Testing and Operations Currently Located at the
Mound Site (DOE/EA-1438, August 2002), the Finding of No
Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and
the Draft EIS for the Proposed Consolidation of Nuclear
Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s
documentation pertinent to the development of advanced RPS
designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3
and 4.1.5.

Response to Comment 3: Most NASA missions currently rely
primarily on solar energy for electrical power to operate spacecraft,
and NASA continues to conduct research and development to
further improve solar technology and other non-nuclear power
technologies. Additionally, NASA is aware of the solar technology
research and development activities of other agencies, both
domestic and foreign. However, there are some NASA science
missions for which solar power or other non-nuclear power
technologies would not be adequate to meet mission requirements.
A range of power sources is considered for any NASA mission,
and each power source type is evaluated based upon a number of
factors, including how well it enables achieving the science and
engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the
limitations associated with the use of solar power for exploration
missions. The European Space Agency’s Rosetta mission was
launched March 2, 2004 and indeed uses advanced solar power
technology. However, while Rosetta is at its furthest distance from
the Sun near the orbit of Jupiter (July 2011 through January 2014)
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Response to Comments

the spacecraft will be placed in hibernation. Even with its advanced
solar technology there will not be sufficient power generated by the
solar arrays to fully operate all spacecraft systems. In traveling to
even greater distances from the sun it is not necessarily the
efficiency of the solar power technology, but rather, the availability
and intensity of sunlight that is a limiting factor in the ability to use
solar power technology.

Response to Comment 4: NASA is the nation's civil space
agency, established by the National Air and Space Act of 1958.
NASA space missions and related research programs are conducted
for peaceful, scientific purposes. The advanced RPS (MMRTG
and SRQG) are being developed by NASA for use where necessary
on peaceful scientific space exploration missions.

Response to Comment 5: The U.S. Congress and the
Administration develop national budget priorities among the
various Federal agencies based on many considerations related to
national interests and security. In establishing its budget, NASA
must identify those activities that will enable it to meet the
objectives for which it was created. Part of NASA’s mission is to
explore the solar system so that we may better understand our own
planet. NASA firmly believes that these advanced RPS
technologies, if developed, could provide an additional valuable
tool that would enhance our ability to explore and understand better
the Universe and ultimately, humankind’s past, present, and future.
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Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced
RPS designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4,
and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.
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Response to Comments

Response to Comment 1: The health and safety of workers, the
public, and the environment are a top priority of the RPS Program.
The potential health and safety impacts associated with RPS
production at DOE facilities, including information on worker safety
and potential environmental impacts associated with DOE’s RPS
program, is addressed in DOE’s NEPA documentation including; the
Draft EIS for the Proposed Consolidation of Nuclear Operations
Related to Production of Radioisotope Power Systems (DOE/EIS-
0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by
NASA is incorporated by reference into this FPEIS and summarized
in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope
power systems and radioactive materials in its space activities. As
indicated in Section 4.1.7, future missions that would propose to carry
an MMRTG or SRG would be subject to both the NEPA process and
a separate and independent nuclear safety launch approval process.
As part of the NASA NEPA process, a mission specific risk
assessment would be performed. The nuclear safety launch approval
process requires that a detailed Safety Analysis Report be prepared by
DOE and reviewed by an Interagency Nuclear Safety Review Panel
(INSRP). The INSRP prepares its own Safety Evaluation Report
(SER). The NASA Administrator considers the DOE SAR and the
INSRP SER and, if the Administrator decides to continue with launch
preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP).
The OSTP Director is authorized to render approval or forward the
matter to the President for a decision.
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Submission from Janice Harwood

February 21, 2006

Dear Dr. Misra,

| am writing to oppose the development and operation of Radioisotope Power
Systems (RPSs). As you are well aware, exposure to even small amounts of plutonium
pose serious risks for humans and all fiving things. NASA has a record of spills at production
facilities and explosions of spacecraft on takeoff. Continued explorations using large
amounts of plutonium, like the recent New Horizons missian, increase the chance of
accidents that could make large areas of the country uninhabitable for billions of years and
cause serious illness and death to those exposed to radiation.

Space exploration can still be accomplished using solar propulsion. | strongly
encourage NASA not to move forward on its development of RPSs. Use funding to
research aftemnative forms of energy for propulsion.

Sinegrely,

e W’Wf&
/
/

Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced
RPS designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4,
and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for
mission requirements. However, there are some NASA science missions
for which solar power or other non-nuclear power technologies would not
be adequate to meet mission requirements. A range of power sources is
considered for any NASA mission, and each power source type is
evaluated based upon a number of factors, including how well it enables
achieving the science and engineering requirements of the mission.
NASA continues to conduct research and development to further improve
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solar technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign.




Submission from Celleste McCollough Howard, PhD

14 February 2006

Dr. Ajay Misra

Science Mission Directorate

Mail Code 3C67, NASA Headquarters
300 E Street, NW

Washington DC 20546-0001

Re: Draft Environmental Impact Statement for Space Radioisotope Power Systems

Dear Dr. Misra:

This is a public comment on the DPEIS for the proposed program to develop two new
kinds of Radioisotope Power Systems (RPSs).

As a career scientist and a member of the Union of Concerned Scientists, I oppose both
the “Proposed Action” and the “No Action Alternative” that are under consideration at
NASA Headquarters. 1 oppose both alternatives as unacceptable because any expansion
of the use of plutonium increases the risk of grave environmental damage through nuclear
accidents or through theft of deadly nuclear materials.

I do not believe that this program is being proposed for space exploration and not for
military purposes. As Tim Frazier told the Associated Press last July, national security
requirements are the primary driver for starting production of plutonium-powered
batteries, and these “national security applications” are “not in space.” Moreover,
alternative power sources for space missions are practicable, especially since NASA
expects to need lower levels of electric power in future missions. Solar technology has
been used successfully far from the Sun in NASA’s Stardust mission and in the Rosetta
mission of the European Space Agency.

We are hard pressed to afford any more funding for military purposes, Funds for this RPS
program should be put instead into alternative non-nuclear power source research and
development. Our energy dependence is a major concern, impacting both national
security issues and the global warming crisis,

Putting funds into any plutonium-based RPS development is unconscionable. It risks
direct environmental damage through radioactive contamination—accidental or
deliberate—and it costs money that should be used to develop alternatives promoting US
energy independence.

Yo?¢ very truly,

(1 b (eale 797 r./ly//?‘/)‘/.'

Celeste McCollough Howard, PhD /
University of Dayton Research Institute (retired)

)

Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the Proposed
Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced RPS
designs for use by NASA is incorporated by reference into this FPEIS and
summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.

Response to Comment 2: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is a
special nuclear material (SNM); therefore it is rigorously protected against
loss, theft, and sabotage through a proven safeguard and security program.
This includes, but not limited to, physical protection countermeasures, and
asset tracking and control. Additional information can be found in DOE
prepared documents including the Nuclear Infrastructure PEIS (DOE/EIS-
310, December 2000) and the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005).
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Response to Comments

Response to Comment 3: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful,
scientific purposes. The advanced RPS (MMRTG and SRG) are being
developed by NASA for use where necessary on peaceful scientific space
exploration missions.

Response to Comment 4: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign. However, there are
some NASA science missions for which solar power or other non-nuclear
power technologies would not be adequate to meet mission requirements.
A range of power sources is considered for any NASA mission, and each
power source type is evaluated based upon a number of factors, including
how well it enables achieving the science and engineering requirements of
the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004
and indeed uses advanced solar power technology. However, while
Rosetta is at its furthest distance from the Sun near the orbit of Jupiter
(July 2011 through January 2014) the spacecraft will be placed in
hibernation. Even with its advanced solar technology there will not be
sufficient power generated by the solar arrays to fully operate all
spacecraft systems. In traveling to even greater distances from the sun,
beyond the farthest distance from the sun reached by the Stardust mission
(between the orbits of Mars and Jupiter), it is not necessarily the efficiency
of the solar power technology, but rather, the availability and intensity of
sunlight that is a limiting factor in the ability to use solar power
technology.
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Leah R. Karmen

February 10, 2006

Dr. Ajay Misra

Science Mission Directorate
Mail Code 3C67

NASA Headguarters

300 E Street SW
‘Washington, DC 20546-0001

Dear Dr. Misra:

Comments on: Draft Programmatic Environmental Impact Statement for the
Development of Advanced Radioisotope Power Systems (dated December 2005)

Because NASA and the Department of Energy already have long records of accidents
and toxic contamination from radioactive spills at production facilities, T am very
concerned about this new proposal. I don’t want to see any further production of
plutoninm.

The Statement considers two alternative plans. The so-called “No Action Alternative”
would continue funding long-term research and development of nuclear radioisotope
power systems. This constitutes continued action and research rather than “No
Action.”

The “Proposed Action” would, in addition, develop two new radioactive power systems,
the Multi-Mission Radioisotope Thermoelectric Generator and the Sterling Radioisotope
Generator.

Both alternatives are ill-conceived and unsatistfactory. All development of nuclear
power systems for space should be stopped. With cancellation of the entire program,
funds can be moved into alternative non-nuclear power source research and
development.

Alternative power sources for space missions are practicable. For example, European
Space Agency missions such as Rosetta and NASA’s own Stardust mission are
successfully using solar power technology far from the SUN.

Response to Comments

Response to Comment 1: The health and safety of workers, the
public, and the environment are a top priority of the RPS Program.
The potential health and safety impacts associated with RPS
production at DOE facilities, including information on worker safety
and potential environmental impacts associated with DOE’s RPS
program, is addressed in DOE’s NEPA documentation including; the
Draft EIS for the Proposed Consolidation of Nuclear Operations
Related to Production of Radioisotope Power Systems (DOE/EIS-
0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by
NASA is incorporated by reference into this FPEIS and summarized
in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope
power systems and radioactive materials in its space activities. As
indicated in Section 4.1.7, future missions that would propose to carry
an MMRTG or SRG would be subject to both the NEPA process and
a separate and independent nuclear safety launch approval process.
As part of the NASA NEPA process, a mission specific risk
assessment would be performed. The nuclear safety launch approval
process requires that a detailed Safety Analysis Report be prepared by
DOE and reviewed by an Interagency Nuclear Safety Review Panel
(INSRP). The INSRP prepares its own Safety Evaluation Report
(SER). The NASA Administrator considers the DOE SAR and the
INSRP SER and, if the Administrator decides to continue with launch
preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP).
The OSTP Director is authorized to render approval or forward the
matter to the President for a decision.

Response to Comment 2: As required by the Council on
Environmental Quality NEPA implementing regulations at 40 CFR
1502.14(d), the No Action alternative must be addressed in an EIS.
CEQ guidance (46 Fed. Reg. 18026 (1981) - Forty Most Asked
Questions Concerning CEQ's National Environmental Policy Act
Regulations) defines the No Action alternative as no change from
current conditions and/or not implementing the proposed action. The
No Action alternative addressed in this PEIS is consistent with CEQ’s
definition. The option of developing only non-nuclear power
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Dr. Ajay Misra -2 - Februarv 10, 2006

Although this Draft Statement claims that radioactive power systems are being
developed for NASA’s space exploration and not for military purposes, the fact that
military applications are in the background is well known and is further cause for
concern.

Every expansion of the plutonium economy--research,. development and
transportation of deadly materials over thousands of miles—-increases the risk of
nuclear accidents, theft or terrorism.

Transportation of nuclear materials particularly affects us in Western North Carolina,
where Asheville, NC, is located. Already the public is aware that such materials are
being transported over mountain roads and highways through the city. No further
risks are acceptable.

Thank you for the opportunity to comment--and please listen to the public! We care.

Respectfully submitted,

T ./ _,_)
I AR s
= : -
(Mrs.) Leah R. Karpen

Response to Comments

systems for space exploration is addressed in Section 2.4.3 of this
FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 3: Most NASA missions currently rely
primarily on solar energy for electrical power to operate spacecraft,
and NASA continues to conduct research and development to further
improve solar technology and other non-nuclear power technologies.
Additionally, NASA is aware of the solar technology research and
development activities of other agencies, both domestic and foreign.
However, there are some NASA science missions for which solar
power or other non-nuclear power technologies would not be
adequate to meet mission requirements. A range of power sources is
considered for any NASA mission, and each power source type is
evaluated based upon a number of factors, including how well it
enables achieving the science and engineering requirements of the
mission.

While successful, the Rosetta mission illustrates some of the
limitations associated with the use of solar power for exploration
missions. The European Space Agency’s Rosetta mission was
launched March 2, 2004 and indeed uses advanced solar power
technology. However, while Rosetta is at its furthest distance from
the Sun near the orbit of Jupiter (July 2011 through January 2014) the
spacecraft will be placed in hibernation. Even with its advanced solar
technology there will not be sufficient power generated by the solar
arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the
sun reached by the Stardust mission (between the orbits of Mars and
Jupiter), it is not necessarily the efficiency of the solar power
technology, but rather, the availability and intensity of sunlight that is
a limiting factor in the ability to use solar power technology.

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful,
scientific purposes. The advanced RPS (MMRTG and SRQG) are
being developed by NASA for use where necessary on peaceful
scientific space exploration missions.
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Response to Comments

Response to Comment 5: The health and safety of workers, the
public, and the environment are a top priority in all aspects of the RPS
Program, including transportation. DOE is responsible for all nuclear
material transportation associated with RPS production, including the
safe transport of completed RPS units to Kennedy Space Center. As
with all Federal agencies, DOE is required by law to comply with
provisions of NEPA, CEQ regulations, and applicable DOE
Regulations. Transportation risks related to RPS production are
discussed in more detail in the Nuclear Infrastructure PEIS
(DOE/EIS-310, December 2000), and Finding of No Significant
Impact and Final Environmental Assessment for the Future Location
of Heat Source/Radioisotope Power System Assembly and Testing and
Operations Currently Located at the Mound Site (DOE/EA-1438,
August 2002), the Finding of No Significant Impact and the
Environmental Assessment of the Import of Russian Plutonium-238
(DOE/EA-0841, June 1993), and the Draft EIS for the Proposed
Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). ).
Information from DOE’s documentation pertinent to the development
of advanced RPS designs for use by NASA is incorporated by
reference into this FPEIS and summarized in Tables 2-7 and 2-8 and
sections 4.1.3 and 4.1.5.
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3 February 2006

Dr. Ajay Misra

Science Mission Directorate
Mail Code 3C67

NASA Headquarters

300 E Street, NW
Washington DC 20546-0001

Dear Dr.Misra,

This is a comment on environmental issues related to the DPEIS for development of
advenced radioisotope power systems.

NASA’s main conclusion in section 4 of the DPEIS is that further development of its space
nuclear power program would not have substantial environmental effects because it would fit right
into ongoing activities at these sites, “activities that would be expected to continue whether or not
the development of the advanced RPS designs continue or not [sic].” In other words, producing new
RPSs will be business-as-usual at the Department of Energy’s facilities as they pursue the work of
the U.S."s military-nuclear complex.

But should we assume that business-as-usual is environmentally acceptable? The DPEIS
includes in Section 3 a description of the environmental mess already created at INL and the other
sites. This clearly shows that business-as-usual is a bad idea and should be abandoned as soon as
possible before further damage is done.

Ongoing and potential environmental consequences of research, development, testing,
production, transportation, and launch of RPSs are grave, ranging from radioactive contamination
of personnel and local environments to a possible disastrous release of radioactive plutonium at
launch. Plutonium is such a deadly material, particularly Pu-238, that all additional uses of it pose
unacceptable risks. Los Alamos National Laboratory, Idaho National Laboratory, and other DOE
sites already have long records of radioactive spills and accidents involving contamination of
personnel.

At INL, apart from the contamination detailed in section 3.2.9, 17,300 tons of hazardous
materials were deposited directly into the Snake River Plain Aquifer, an important water resource
in southeastern 1daho.

At JPL, the long list of groundwater contaminants (section 3.6.9) should be read in the
context that the EPA estimates that “68,000 people obtain drinking water from municipal wells
within 4 miles of the site.” Hazardous materials at JPL, the EPA tells us, include “waste solvents

Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced
RPS designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4,
and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the
NASA NEPA process, a mission specific risk assessment would be
performed. The nuclear safety launch approval process requires that a
detailed Safety Analysis Report be prepared by DOE and reviewed by an
Interagency Nuclear Safety Review Panel (INSRP). The INSRP prepares
its own Safety Evaluation Report (SER). The NASA Administrator
considers the DOE SAR and the INSRP SER and, if the Administrator
decides to continue with launch preparations, submits a request for
nuclear safety launch approval to the Director of the Office of Science
and Technology Policy (OSTP). The OSTP Director is authorized to
render approval or forward the matter to the President for a decision.

Response to Comment 2: Radioisotope power sources were indeed used
on three U.S. space missions that experienced malfunctions. However a
mission malfunction does not equate to a release of plutonium. In all three
cases the radioisotope power source performed as designed and was never
the cause of the accident. Only one of the aborted missions (the
TRANSIT 5 BN-3 mission in 1964) resulted in a release of plutonium-
238 to the environment. As indicated in Table 2-1, Section 2.1.2.1, the
power source on that mission, the SNAP-9A, was designed to burn up
upon reentry. This design philosophy is no longer used, and the intent is
for the plutonium to be contained in the event of an accident. The heat
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such as tetrachloroethene, solid rocket fuel propellants, cooling tower chemicals, sulfuric acid,
Freon, mercury, and chemical laboratory wastes.”

And the record of launch-time explosions of space shultles and rockets shows that the
probability of accidents involving catastrophic plutonium contamination of wide areas and many
people is far from negligible: 3 out of 29 launches in the list on pp. 2-5 and 2-6 were aborted. This
is an unacceptably high ratio where such grave consequences are at stake.

Even levels of radioactivity below official safety limits are unsafe according to many
experts.

For these reasons, both the Proposed Action and the No Action Alternative are
unsatisfactory. All development of RPSs should be stopped. However, in a choice between the
two alternatives, the No Action Alternative is preferable as it would involve less environmental
danger.

Radioactive power sources for space flight should be phased out. With sufficient research
and development, alternative power sources would be practicable — all the more so in light of
NASA’s envisioning the need for lower levels of electric power in future missions (DPEIS p. vi).
European Space Agency missions such as Rosetta, and NASA’s own Stardust mission, are examples
of successful use of solar power technology far from the Sun.

The statement (DPEIS p. 1-5) that RPSs are being developed “for NASA’s space exploration
purposes and not for military purposes™ is at best narrow and disingenuous. It is well known that
military applications are in the background. For example:

“The primary driver for us to start production [of plutonium-powered batteries] is for
national security requirements,” said Tim Frazier, director of the energy department's radioisotope
power systems program in Washington, D.C. “As to what those national security applications are,
I would just prefer to say not in space.” (Associated Press July 3, 2005)

For this reason, the DPEIS should have included discussion of the environmental
consequences of possible military uses of the technology.

While on the topic of national security, an additional undesirable impact of the growing use
of plutonium is the increased possibility of plutonium falling into the hands of terrorists or other
countries. This should also caution us against continuing to invent new plutonium-based projects
such as MMRTG and SRG.

Sincerely,

(Dr.) Laurence Kirby

B-20

Response to Comments

sources on the other two aborted missions (a SNAP-19 and SNAP-27)
both survived reentry and fell into the ocean. The SNAP-19 was
retrieved successfully, and the SNAP-27 fell into the very deep Tonga
Trench where it resides today. The MMRTG and the SRG would both
utilize an enhanced version of the GPHS which is designed to contain the
plutonium-238 under reentry from Earth orbit conditions.

Response to Comment 3: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign. However, there
are some NASA science missions for which solar power or other non-
nuclear power technologies would not be adequate to meet mission
requirements. A range of power sources is considered for any NASA
mission, and each power source type is evaluated based upon a number of
factors, including how well it enables achieving the science and
engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004
and indeed uses advanced solar power technology. However, while
Rosetta is at its furthest distance from the Sun near the orbit of Jupiter
(July 2011 through January 2014) the spacecraft will be placed in
hibernation. Even with its advanced solar technology there will not be
sufficient power generated by the solar arrays to fully operate all
spacecraft systems. In traveling to even greater distances from the sun,
beyond the farthest distance from the sun reached by the Stardust mission
(between the orbits of Mars and Jupiter), it is not necessarily the
efficiency of the solar power technology, but rather, the availability and
intensity of sunlight that is a limiting factor in the ability to use solar
power technology.

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful,
scientific purposes. The advanced RPS (MMRTG and SRG) are being
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Response to Comments

developed by NASA for use where necessary on peaceful scientific space
exploration missions.

Any potential military application of a NASA-developed advanced RPS
is purely speculative and beyond the scope of activities for which an
advanced RPS developed by NASA would be intended. Therefore, the
activities for which impacts are assessed here do not include any potential
military applications.

Response to Comment 5: Plutonium-238 is not a viable material for
nuclear weapons and is generally not recognized as a nuclear proliferation
threat. However, this material is rigorously protected against loss, theft,
and sabotage through a proven safeguard and security program. This
includes, but is not limited to, physical protection countermeasures, and
asset tracking and control. Like all radioactive substances, plutonium-
238 requires the proper handling to protect workers, the public, and the
environment. Additional information can be found in DOE prepared
documents including the Nuclear Infrastructure Nonproliferation Impact
Assessment (DOE/NE-0119, September 2000) and the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005).
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Response to Comments

Response to Comment 1: The health and safety of workers, the
public, and the environment are a top priority of the RPS Program.
The potential health and safety impacts associated with RPS
production at DOE facilities, including information on worker safety
and potential environmental impacts associated with DOE’s RPS
program, is addressed in DOE’s NEPA documentation including; the
Draft EIS for the Proposed Consolidation of Nuclear Operations
Related to Production of Radioisotope Power Systems (DOE/EIS-
0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by
NASA is incorporated by reference into this FPEIS and summarized
in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope
power systems and radioactive materials in its space activities. As
indicated in Section 4.1.7, future missions that would propose to carry
an MMRTG or SRG would be subject to both the NEPA process and
a separate and independent nuclear safety launch approval process.
As part of the NASA NEPA process, a mission specific risk
assessment would be performed. The nuclear safety launch approval
process requires that a detailed Safety Analysis Report be prepared by
DOE and reviewed by an Interagency Nuclear Safety Review Panel
(INSRP). The INSRP prepares its own Safety Evaluation Report
(SER). The NASA Administrator considers the DOE SAR and the
INSRP SER and, if the Administrator decides to continue with launch
preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP).
The OSTP Director is authorized to render approval or forward the
matter to the President for a decision.
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Submission from Mrs. Lilly Litsky

February 21, 2006

Dear r. Misra,

| am wriing to oppose the development and operafion of Radioisotope Power
Systems (RPSs). As you are well aware, exposure to even small amounts of plutonium
pose serious risks for humans and all iving things. NASA has arecard of spils at production
faciltes and explosions of spacecralt on takecft. Continued explorafions using large
amounts of plutonium, ike the recent New Horizons mission, increase the chance of
accidents that could make large areas of the country uninhabitable for billons of years and
cause serious ilness and death o those exposed to radiation.

Space exploration can stil be accomplished using solar propulsion. | trongly
encourage NASA notto move forward on it development of RPSs. Use funding to
research alternafive forme of energy for propuision,

Sincerely, T f bwj/ i'MLV ‘
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Response to Comment 1: The health and safety of workers, the
public, and the environment are a top priority of the RPS Program. The
potential health and safety impacts associated with RPS production at
DOE facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is
addressed in DOE’s NEPA documentation including; the Draft EIS for
the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June
2005). Information from DOE’s documentation pertinent to the
development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-
7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated
in Section 4.1.7, future missions that would propose to carry an
MMRTG or SRG would be subject to both the NEPA process and a
separate and independent nuclear safety launch approval process. As
part of the NASA NEPA process, a mission specific risk assessment
would be performed. The nuclear safety launch approval process
requires that a detailed Safety Analysis Report be prepared by DOE
and reviewed by an Interagency Nuclear Safety Review Panel
(INSRP). The INSRP prepares its own Safety Evaluation Report
(SER). The NASA Administrator considers the DOE SAR and the
INSRP SER and, if the Administrator decides to continue with launch
preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP).
The OSTP Director is authorized to render approval or forward the
matter to the President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft
power for planetary missions has historically been solar technology.
NASA continues to utilize solar power technology when it is the best
fit for mission requirements. However, there are some NASA science
missions for which solar power or other non-nuclear power
technologies would not be adequate to meet mission requirements. A
range of power sources is considered for any NASA mission, and each
power source type is evaluated based upon a number of factors,
including how well it enables achieving the science and engineering
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requirements of the mission. NASA continues to conduct research and
development to further improve solar technology and other non-
nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.

B-24



Submission from Louise Marquis
=R

()&*”L Dl: /Oﬁid/bc:_ -

- Plaae
% -,
i @

“7

£PSs)

o

Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced
RPS designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4,
and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.
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OFFICE OF
ENFORCEMENT AND
COMPLIANCE ASSURANCE

FEE 23 2006

Science Mission Directorate
Mail Code 3C67

NASA Headquarters

300 E Street, SW
Washington, DC 20546-0001

Dear Sir/Madam:

In accordance with the National Environmental Policy Act (NEPA) and Section 309 of
the Clean Air Act, the Environmental Protection Agency (EPA) has reviewed the National
Acronautics and Space Administration’s (NASA) draft programmatic Environmental Impact
Statement (EIS) for the Development of Advanced Radioisotope Power Systems.

This draft programmatic EIS addresses the potential environmental impacts of developing
two new types of radioisolope power sysiems. NASA would also continue research and

development of alternative radioisotope power systems and power converter technologies to meet
future mission needs.

EPA believes that this draft programmatic EIS provides an adequate discussion of the

potential environmental impacts of the proposed actions. Therefore, EPA has no objection to the
proposed actions.

We appreciate the opportunity to review this final EIS, The stafl contact for this review
is Ken Mittelholtz (202-564-7156).

Sincerely,

Ll i
~ Anne Norton Miller

Director
Office of Federal Activities

inierret Address (UFIL) ® /P 88 oV
RecycledMocyciable o Printod with Vegelable Of Based inks on 100% Postconsumer, Process Chiodne Free Recycled Paper
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Submission from Maryland Department of the Environment

Technical and Regulatory Services Administration

MARYLAND DEPARTMENT OF THE ENVIRONMENT
1800 Washington Boulevard = Baltimore Maryland 21230-1718
(410) 537-4120

=)

Robert L. Ehrlich, Jr. Kendl P. Philbrick

Governor Secretary
Michaet §. Stecle Jomas A. Jacobson
Lo Governor Dieputy Secretary

March 9, 2006

Dr. Ajay Misra

National Acronautics and Space Administration
Mail Code 3C67

300 E. Street, SW

Washington DC 20546-0001

RE:  State Application Identifier: MD20060105-0015
Project: Advanced Radioisotope Power Sysiems

Dear Dr. Misra:

Thank you for the opportunity to review the above referenced project. The document was circulated
throughout the Maryland Department of the Envirenment (MDE) for review, and the following comment is
offered for your consideration.

The Hazardous Waste Program should be contacted directly at (410) 537-3343 by those facilities
which generate or propose to generate or handle hazardous wastes or low-level radioactive wastes 1o
ensure these activities are being conducted in compliance with applicable State and federal laws and
regulations.

Again, thank you for giving MDE the opportunity to review this project. If you have any questions or need
additional information, please feel free to call me at (410) 537-4120.

Sincerely,

d_:a_::; Mueller

MDE Clearinghouse Coordinator
Technical and Regulatory Services Administration

cc: Bob Rosenbush, State Clearinghouse
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Submission from Nora M. Nash OSF
The Sisteres of St. Francis of Philadelphia

)ﬂ'un SISTERS OF ST. FRANCIS OF PHILADELPHIA

February 17, 2006

Dr. Ajay Misra

Science Mission Directorate  Mail Code 3C67
NASA Headquarters

300 E Street, NW

Washington DC 20546-0001

Dear Dr. Misra:

I am responding to NASA's i to submit ¢ on the Draft P ic Envi 1 Impact
Statement for a program to develop two new kinds of Radicisotope Power Systems for space missions.

The religious institutional investors, on whose behalf the f g are submitted, are sharcholders in

corporations, many of which are or have been prime contractors for the Department of Defense and the Department
of Energy. Sharcholders, as early as the 1970s, lellen;,ed :umpam:s, e.g. AT&T, General Dynamics, General
Electrie, Honeywell, Lockheed Martin, M , Textron and Union Carbide, to disclosure and be

ac ble for empl health, ¢ y impact and ummnm\nm] destruction due to DOD and DOE contract
implementation. We, investors, the Sisters ol'St. Francis of Philadelphia, raised issues related to nuclear warhead
production, nuclear weapons and their delivery systems, e.g. MX missile, fighters and bombers, space weapons,
ballistic missiles. Based on our experience, we offer the following comments,

Environmental and Human Impact

NASA and the Department of Energy have long records of accidents and toxic contamination, including radicactive
spills at production facilities to space shuttle explosions. We have wimessed this in the past when visiting DOE and
company facilitics in F Iunda Ohio, Tennessee and Colorado, \M. have also heard about and seen the health effects
on workers and ¢ Continuing and expanding space p ium power systems will lengthen the lists of
environmental destruction and health impacts from plutonium and other radioactive materials,

Every expansion of the pl including h, d and transportation of radioactive
materials over thousands of mules, increases the risk of nuclear accidents or theft of nuclear materials—and increases
risk of "accidental” proliferation of nuclear materials that could be used for bombs. The news from France with
regard to the disposal of nuclear waste was not encouraging.

\h.qmns in Space

The DI’FIS states that RPSs are being developed "for NASA’s space, :xplomlmn purposes and not for military
purposes.” We know that military applications are proposed somewhere in the materials, We are not naive and we
read the figures in the national hudgcl We also lmnw thal tiv:rt' is @ “black” budget in which many weapons systems
are funded secretly for h and devel , We have aceess to sharcholder materials
and hz\e heard CEQ speeches expressing t!v: :xpvcla:uun that ru:wpqd rpo];t)hl&'h]) technological systems and

P 'aremlhc,‘_ Tt et

sioe*

Mn.mu\-'ﬁ .- L ."r :;-: Tk 2 ;

Envmnfttn:aw:re nental
the al proposed are,

he sluppﬂd.

Offfce of Corporate Social Responsibitity

6409 South Convent Road » Aston, PA 190141207
G10-556-7661 » Fax: 610-556-5855 « F-muak nnash@osfphils.ocg « www.osfphilogy

N AW
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Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced
RPS designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4,
and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the
NASA NEPA process, a mission specific risk assessment would be
performed. The nuclear safety launch approval process requires that a
detailed Safety Analysis Report be prepared by DOE and reviewed by an
Interagency Nuclear Safety Review Panel (INSRP). The INSRP prepares
its own Safety Evaluation Report (SER). The NASA Administrator
considers the DOE SAR and the INSRP SER and, if the Administrator
decides to continue with launch preparations, submits a request for
nuclear safety launch approval to the Director of the Office of Science
and Technology Policy (OSTP). The OSTP Director is authorized to
render approval or forward the matter to the President for a decision.

Response to Comment 2: DOE is responsible for all nuclear material
transportation associated with RPS production, including the safe
transport of completed RPS units to Kennedy Space Center. As with all
Federal agencies, DOE is required by law to comply with provisions of
NEPA, CEQ regulations, and applicable DOE Regulations.
Transportation risks related to RPS production are discussed in more
detail in the Nuclear Infrastructure PEIS (DOE/EIS-310, December
2000), and Finding of No Significant Impact and Final Environmental
Assessment for the Future Location of Heat Source/Radioisotope Power
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We suggest moving the funds into alternative non-nuclear power source h and d P Al i 7

power sources for space are feasibl pecially in light of NASA's need for lower levels of electric power
in future missions. European Space Agency missions, €.g. Rosetta and NASA's own Stardust mission, were
successful uses of solar power technology far from the Sun

Cost vs Human Needs

For many years, faith-based investors have questioned the enormous human and ¢y wonmental costs of weapons 5

production. We believe, and have stated repeatedly, that global security will come about only when there is justice
for all through human development and environmental and economic sustainability.

We believe the responsibilities of the Deg of Energy and NASA include analyzing the effects of their

decisions on employees, ¢ ities, nations and a | future, Producing, assembling and 8

launching highly radicactive nuclear materials into space cannot be justified when reduced or no funding for
education, health care, environmental clean-up and other social programs will enable the Administration to pay
corporahions to expand use of nuclear power for space missions,

On behalf of the The Sisters of St. Francis of Philadelphia, | urge NASA to suspend all work to produce, purify,
assemble, test and launch plutonium.

We believe the money, human and natural resources would be better used if the Department of Energy and NASA
would direct them toward develop of alternative n di ¢ technologies for space explorati

Thank you for your attention.

Respectfully yours,
" -
ﬁ,% Za. "}Cf«f/{; Ly
Nora M. Nash, OSF
Director, Corporate Social Responsibility

Office of Comparate Social Responsibility
A South Conver = Aston, PA n
GULE5E-TO61 « Fase G10-555-5855 » E-mail: nnashiios
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System Assembly and Testing and Operations Currently Located at the
Mound Site (DOE/EA-1438, August 2002), the Finding of No Significant
Impact and the Environmental Assessment of the Import of Russian
Plutonium-238 (DOE/EA-0841, June 1993), and the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). ).
Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.

Response to Comment 3: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is not a
viable material for nuclear weapons and is generally not recognized as a
nuclear proliferation threat. But, plutonium-238 is a special nuclear
material (SNM); therefore it is rigorously protected against loss, theft, and
sabotage through a proven safeguard and security program. This includes,
but not limited to, physical protection countermeasures, and asset tracking
and control. Additional information can be found in DOE prepared
documents including the Nuclear Infrastructure PEIS (DOE/EIS-310,
December 2000) and the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power
Systems (DOE/EIS-0373D, June 2005).

Response to Comment 4: DOE is responsible for managing the safe
disposal of all wastes generated from RPS production. Additional
information can be found in DOE prepared documents including the

Dratft EIS for the Proposed Consolidation of Nuclear Operations Related
to Production of Radioisotope Power Systems (DOE/EIS-0373D, June
2005). Information from DOE’s documentation pertinent to the
development of advanced RPS designs for use by NASA is incorporated
by reference into this FPEIS and summarized in Tables 2-7 and 2-8 and in
sections 4.1.4.

Response to Comment 5: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful,
scientific purposes. The advanced RPS (MMRTG and SRG) are being
developed by NASA for use where necessary on peaceful scientific space
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exploration missions.

Response to Comment 6: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing
the proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3
of this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 7: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign. However, there
are some NASA science missions for which solar power or other non-
nuclear power technologies would not be adequate to meet mission
requirements. A range of power sources is considered for any NASA
mission, and each power source type is evaluated based upon a number of
factors, including how well it enables achieving the science and
engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004
and indeed uses advanced solar power technology. However, while
Rosetta is at its furthest distance from the Sun near the orbit of Jupiter
(July 2011 through January 2014) the spacecraft will be placed in
hibernation. Even with its advanced solar technology there will not be
sufficient power generated by the solar arrays to fully operate all
spacecraft systems. In traveling to even greater distances from the sun,
beyond the farthest distance from the sun reached by the Stardust mission
(between the orbits of Mars and Jupiter), it is not necessarily the
efficiency of the solar power technology, but rather, the availability and
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Response to Comments

intensity of sunlight that is a limiting factor in the ability to use solar
power technology.

Response to Comment 8: The U.S. Congress and the Administration
develop national budget priorities among the various Federal agencies
based on many considerations related to national interests and security. In
establishing its budget, NASA must identify those activities that will
enable it to meet the objectives for which it was created. Part of NASA’s
mission is to explore the solar system so that we may better understand
our own planet. NASA firmly believes that these advanced RPS
technologies, if developed, could provide an additional valuable tool that
would enhance our ability to explore and understand better the Universe
and ultimately, humankind’s past, present, and future.
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Submission from State of California
Governor’s Office of Planning and Research
State Clearinghouse and Planning Unit

f""‘\'\
STATE OF CALIFORNIA {* }
Governor’s Office of Planning and Research _‘ﬂ‘
3 g
State Clearinghouse and Planning Unit o
Sean Walsh
Director
March 6, 2006
Dr. Ajay Misra
National A ics and Space Admini
Mail Suite: 3K39-A
Nasa Hea

Washington, DC 20546-0001

Subject: Devel of Advanced Radioisotope Power Systems

SCH#: 2006014003
Dear Dr. Ajay Misra:

The State Clearinghouse submitted the above nnmed Draft EIS to selected state agencies for review. The
review period closed on March 3, 2006, and no stale agencies submitted comments by that date. This letter
acknowledges that you have complied with the State Clearinghouse review requirements for draft
environmental documents, pursuant to the California Environmental Quality Act.

Please call the State Clearinghouse at (916) 445-0613 if you have any questions regarding the
environmental review process. If you have a question about the sbove-named project, please refer to the

ten-digit State Clearingh number when ing this office.
Sincerely,
Terry Roberts

Director, State Clearinghouse

1400 TENTH STREET P.O. BOX 3044 SACRAMENTO, CALIFORNIA 95812-3044
TEL (916) 445-0618  FAX (916) 323-3018 www.opr.cogov
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Submission from State of California
Governor’s Office of Planning and Research
State Clearinghouse and Planning Unit

Document Details Report

State Clearinghouse Data Base
SCHE 2006014003
Projoct Title Dy ol A d Power Systems
Lead Agency National and Space
Type EIS DafEIS
Description  The proposed action consists of two pans: (1) NASA, in wilh the LL.S. Dep ol

Energy (DOE), proposes to develop in the near-term and qualify for flight two advanced RPSs, the
Multi-Mission Radioisotope Generator (SRG); and (2) in a parallel effort, NASA is funding related
long-tesm research and development (RAD) of alternative radioisolope power systems and power
canverter technologies.

Lead Agency Contact

Name
Agency
Phone
email
Address

City

Dr. Ajay Misra
National A and Space
(202) 358-1588 Fax

Mail Suite: 3K30-A
Masa Headquartars
Washington State DC  Zip 20546-0001

Project Location

County

city

Reglon
Cross Stroets
Parcel No,
Township

Los Angelas
Pasadena

Range Section Base

Proximity to:

Alr Quality; Bk ismic; Noise; ToxicHazardous; Water Cuality; Watar
Supply: Landussa

Agency; D of Fish and Game, Region 5; Office of Historic Preservation;

Dep 1t of Parks and Recreation; Dep of Walar Offica of Servces;
Caltrans, Division of Aeronautics; California Highwary Patrol; Departiment of Health Services;
Department of Toxic Substances Control; Califomia Energy Commission; Native American Heritage
Commission; Public Utllities Commission

Date Received

01/18/2006 Start of Review (01/18/2006 End of Review 03032006

Note: Blanks in data fields result from insufficient information provided by lead agency.
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Submission from Phyllis Sladek

February 5, 2006
Dear Dir. Misra,
Thank you for your concemn for global security.

I am writing to urge you to look into two subjects. The first is the impending
peak in the world production and availability of oil. This will change our economic and
political landscape in ways we have yet to imagine. It is imperative that we re-focus our
efforts toward practical solutions for re-localizaation, with the precious dollars we still
have at our dispesal. [ urge you to look at the statements of physicists and others who
form the Association for the Stody of Peak Oil, including the Hirsch report,
commissioned by the DOE in 2005. (See www.peakoil.net). Why does this matter?
Because. ..

Second, I urge you to completely STOP all nuclear power plants, nuclear weapons
and everything else related to the weaponization and contamination of space. We will
not be able to maintain these systems in a global energy crises (which never ends), they
will become the toxic burdens of our children. Further, please take note of the following:

-- NASA and the Department of Energy (who manage nuclear development and
production) already have long records of accidents and toxic contamination, from
radioactive spills at production facilities to space shumtle explosions. Continuing and
expanding space plutonium power systems will lengthen the long list of environmental
destruction from plutonium. In particulir; the risk of a catastrophic release of plutonium
over a wide area at a launch-time explosion is all too real.

- With sufficient research and development, alternative power sources for space
missions are practicable — all the more so°in light of NASA’s envisioning the need for
lower levels of electnic power in future missions. European Space Agency missions such
as Rosetta, and NASA’s own Stardust. mlssmn are examples of successful use of solar
power technology far from the Sun.

— The DPEIS states that RPSs are being deve!aped “for NASA"s space exploration
purposes and not for military purposes™. But it is well known that military applications
are in the background. For example: “The primary driver for us to start production fof
plutonium-powered batteries| is for national security requirements," said Tim Frazier,
director of the energy department’s radicisotope power systems program in
Waushington, D.C. "As to what these nati I security appli are, I would just
prefer to say not in space. " (Associated Press July 3, 2005)

W Every expansion of the phitonium ‘economy, including research, d(.vclupmaml and

transportation ovef thousands ‘of fmles of deadly materials, increases the risk that
nuc]mr accidents or theft.

I urge you to take these cominents 06 hﬁ.ﬂ-.' I would ver_v much like to know what you
plan to do to-ensure. our real safety; which comes l'mm cul:l\-ah rLIal:onsh:p:- of trust,
rather than force. \dok‘—&dﬂw'?) E&rov-«

ﬂwo ton

%\NMLE D B#?C Be=g

ﬁw)&w [Yadetr . - Soedp Do ie

oaci“’io?
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Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the Proposed
Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced RPS
designs for use by NASA is incorporated by reference into this FPEIS and
summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.

Response to Comment 2: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development activities
of other agencies, both domestic and foreign. However, there are some
NASA science missions for which solar power or other non-nuclear power
technologies would not be adequate to meet mission requirements. A
range of power sources is considered for any NASA mission, and each
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Response to Comments

power source type is evaluated based upon a number of factors, including
how well it enables achieving the science and engineering requirements of
the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004
and indeed uses advanced solar power technology. However, while
Rosetta is at its furthest distance from the Sun near the orbit of Jupiter (July
2011 through January 2014) the spacecraft will be placed in hibernation.
Even with its advanced solar technology there will not be sufficient power
generated by the solar arrays to fully operate all spacecraft systems. In
traveling to even greater distances from the sun, beyond the farthest
distance from the sun reached by the Stardust mission (between the orbits
of Mars and Jupiter), it is not necessarily the efficiency of the solar power
technology, but rather, the availability and intensity of sunlight that is a
limiting factor in the ability to use solar power technology.

Response to Comment 3: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful,
scientific purposes. The advanced RPS (MMRTG and SRG) are being
developed by NASA for use where necessary on peaceful scientific space
exploration missions.

Response to Comment 4: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is a
special nuclear material (SNM); therefore it is rigorously protected against
loss, theft, and sabotage through a proven safeguard and security program.
This includes, but not limited to, physical protection countermeasures, and
asset tracking and control. Additional information can be found in DOE
prepared documents including the Nuclear Infrastructure PEIS (DOE/EIS-
310, December 2000) and the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005).
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Submission from William and Nancy Strong

February 24, 2006

Dr. Ajay Misra

Science Mission Directorate
Mail Code 3C67

NASA Headquarters

300 E. Street, NW
‘Washington DC 20546-0001

Dear Dr. Misra

We live on Maple Street in Princeton, New Jersey. Nearly all of us work full-time —
professors, arts administrator, lmmlgrat:on IaW}'er self-employed business persons,
fundraiser, physicials, drug I i hers, etc. With the exception
of the students who reside on the comner, all of us are active parents or grandparents.

All of us, without exception, care deeply about our planet and are opposed to NASA and
the Department of Energy plans to put nuclear-powered equipment in space. From what
we have learned, it seems foolhardy to risk using plutonium when we know from your
Stardust mission, for example, that a successful non-nuclear alternative is available.

You have called for public comment on your Drafi Programatic Environmental Impact
Statement. Please note that we object to both the “Proposed Action” and “No Action™
alternatives you put before us, and insist that related sesearch, tmsportation, and
production be non-nuclear in nature. Plutonium-powered batteries are NOT acceptable in
space

Sincerely,

j Taveay wd f,&.(,&'.f_g,,.),(iztm j

Wmts of Princeton NY

)
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Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the
Proposed Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced
RPS designs for use by NASA is incorporated by reference into this
FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4,
and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.

Response to Comment 2: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign. However, there
are some NASA science missions for which solar power or other non-
nuclear power technologies would not be adequate to meet mission
requirements. A range of power sources is considered for any NASA
mission, and each power source type is evaluated based upon a number of
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Response to Comments

factors, including how well it enables achieving the science and
engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004
and indeed uses advanced solar power technology. However, while
Rosetta is at its furthest distance from the Sun near the orbit of Jupiter
(July 2011 through January 2014) the spacecraft will be placed in
hibernation. Even with its advanced solar technology there will not be
sufficient power generated by the solar arrays to fully operate all
spacecraft systems. In traveling to even greater distances from the sun,
beyond the farthest distance from the sun reached by the Stardust mission
(between the orbits of Mars and Jupiter), it is not necessarily the
efficiency of the solar power technology, but rather, the availability and
intensity of sunlight that is a limiting factor in the ability to use solar
power technology.
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Submission from Mark Wieder

DR, MiSRA

[AM WRITING o ORGE WV T RElert
RO PLWS AR R 1S0TTRE PR
SYSTEMS (RPSS) WWEH NASA 1S
CURREMTLY CanSINAR(NG, Aol PLANS

MRC DIWOREVS, LASTERIL, MWD UNVELESSARY,

WARK WIEDER

Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.
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TABLE B-2. COMMENTS RECEIVED ON THE DRAFT PEIS VIA E-MAIL

Name Organization Date
Robert L. Anderson, Ph.D. N/A 02/17/2006
John Bell N/A 02/18/2006
Robert H. Beveridge N/A 02/17/2006
Karen Biesanz N/A 02/03/2006
Rita J. Buell N/A 02/03/2006
Alice Caldwell N/A 02/05/2006
Susan B. Chase N/A 02/03/2006
Demelza Costa N/A 02/18/2006
Judith Ellenzweig N/A 02/14/2006
Judi Friedman People’s Action for Clean Energy 02/03/2006
Bruce K. Gagnon Global Network Against Weapons & Nuclear Power in Space 02/19/2006
H.G. Graham N/A 02/08/2006
Jean Guidry N/A 02/17/2006
Robert Guinness N/A 02/04/2006
Martha Gwyn N/A 02/18/2006
Regina Hagen N/A 02/20/2006
Sister Linda Hayes, OP N/A 02/16/2006
Thomas H. Heiman N/A 02/06/2006
Valerie Heinonen Mercy Investment Program 02/15/2006
Eric Herter N/A 02/06/2006
Marilyn Hoff N/A 02/10/2006
Charles Lord N/A 02/04/2006
Margaret Maier N/A 02/03/2006
Ruth Gunn Mota N/A 02/15/2006
Paul Charbonnet Moulton N/A 02/13/2006
Dr. Tom Neilson N/A 02/12/2006
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Name Organization Date
John Nettleton N/A 02/17/2006
Sister Rose Marie Riley, OP Members of the Congregational Leadership Team, Dominican Sisters of 02/20/2006
Sister Phyllis Schenk, OP Springfield, IL
Sister Marcelline Koch, OP
Sister Karen Freund, OP
Sister Rebecca Ann Gemma, OP
Michael J. Sackin N/A 02/06/2006
Gillian Sanderson N/A 02/03/2006
Ann Schafer N/A 02/04/2006
Jack Stiefel N/A 02/18/2006
Byrna Weir N/A 02/09/2006
Faith M. Willcox N/A 02/16/2006
Sarah Williamson N/A 02/19/2006
Olive Wilson N/A 02/11/2006
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Submission from Bob Anderson

From: on behalf of
Bob Anderson

Sent: Friday, February 17, 2006 2:18 PM
To: rpseis@nasa.gov

Subject: Comment on DEIPS for plutonium
powered batteries

Hi,

I just want to say this i1s the wrong

way to go, using plutonium for powering
devices on the planet or in space.

The dangers of these elements at
this time with such a dense population
on the planet and there is no safe way
to contailn accidents nor the waste.

For the safety of us all | suggest
both your alternatives are not feasible
and that NASA use more solar for all
these applications. We have to do that
eventually, so i1t is best to do It now,
not later.

Also, could you put me on the paper

mailing list for other iInteresting space

related press releases?
Sincerely,

Bob Anderson
Robert L. Anderson, Ph_.D.

1,2

3.4
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Responses to Comment

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the Proposed
Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced RPS
designs for use by NASA is incorporated by reference into this FPEIS and
summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.

Response to Comment 2: DOE is responsible for managing the safe
disposal of all wastes generated from RPS production. Additional
information can be found in DOE prepared documents including the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).
Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and in sections 4.1.4.

Response to Comment 3: As required by the Council on Environmental
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"lke was right about the military-
industrial complex™

See article at:
http://www.stopthewarmachine.org

Responses to Comment

Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing
the proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3
of this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 4: NASA’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for
mission requirements. However, there are some NASA science missions
for which solar power or other non-nuclear power technologies would not
be adequate to meet mission requirements. A range of power sources is
considered for any NASA mission, and each power source type is
evaluated based upon a number of factors, including how well it enables
achieving the science and engineering requirements of the mission.
NASA continues to conduct research and development to further improve
solar technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign.
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Submission from John F. D. Bell

From: on behalf of
JOHN F D BELL [ 1

Sent: Saturday, February 18, 2006 3:59 PM
To: rpseis@nasa.gov
Subject: stop plutonium exploration is Space

I am asking you to discontinue any plutonium
research in Space. There have been many
tradgedies in the launch of rockets, etc.
into Space. Our existence as a living
functioning civilized nation would be
destroyed if one of the accidents were to
happen and the rocket was carrying plutonium.

A much wiser place for our time and money
would be in the research of non-nuclear power
sources.

John Bell

Response to Comments

Response to Comment 1: NASA places the highest priority on the safe use of
radioisotope power systems and radioactive materials in its space activities. As
indicated in Section 4.1.7, future missions that would propose to carry an
MMRTG or SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA NEPA
process, a mission specific risk assessment would be performed. The nuclear
safety launch approval process requires that a detailed Safety Analysis Report be
prepared by DOE and reviewed by an Interagency Nuclear Safety Review Panel
(INSRP). The INSRP prepares its own Safety Evaluation Report (SER). The
NASA Administrator considers the DOE SAR and the INSRP SER and, if the
Administrator decides to continue with launch preparations, submits a request for
nuclear safety launch approval to the Director of the Office of Science and
Technology Policy (OSTP). The OSTP Director is authorized to render approval
or forward the matter to the President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues to
utilize solar power technology when it is the best fit for mission requirements.
However, there are some NASA science missions for which solar power or other
non-nuclear power technologies would not be adequate to meet mission
requirements. A range of power sources is considered for any NASA mission,
and each power source type is evaluated based upon a number of factors,
including how well it enables achieving the science and engineering requirements
of the mission. NASA continues to conduct research and development to further
improve solar technology and other non-nuclear power technologies.
Additionally, NASA is aware of the solar technology research and development
activities of other agencies, both domestic and foreign.
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Submission from Bob Beveridge

From: on behalf of Bob
Beveridge [ 1

Sent: Friday, February 17, 2006 12:22 AM

To: rpseis@nasa.gov

Subject: Nuclear waste and our grandchildren
Dear Friends,

What is the hurry for space domination?
What is the half life of the waste we
produce?

Using nuclear power of any sort mortgages the
future of those who come after us.

Let"s go for wind on earth and solar both on
earth and in space.

Most sincerely,

Robert H.Beveridge

Do You

Yahoo!?
Tired of spam? Yahoo! Mail has the best spam
protection around

Response to Comments

Response to Comment 1: DOE is responsible for managing the safe disposal
of all wastes generated from RPS production. Additional information can be
found in DOE prepared documents including the Draft EIS for the Proposed
Consolidation of Nuclear Operations Related to Production of Radioisotope
Power Systems (DOE/EIS-0373D, June 2005). Information from DOE’s
documentation pertinent to the development of advanced RPS designs for use by
NASA is incorporated by reference into this FPEIS and summarized in Tables 2-
7 and 2-8 and in sections 4.1.4.

Response to Comment 2: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues to
utilize solar power technology when it is the best fit for mission requirements.
However, there are some NASA science missions for which solar power or other
non-nuclear power technologies would not be adequate to meet mission
requirements. A range of power sources is considered for any NASA mission,
and each power source type is evaluated based upon a number of factors,
including how well it enables achieving the science and engineering
requirements of the mission. NASA continues to conduct research and
development to further improve solar technology and other non-nuclear power
technologies. Additionally, NASA is aware of the solar technology research and
development activities of other agencies, both domestic and foreign.
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Submission from Karen Biesana

From: com on behalf of Karen
Biesanz [ 1

Sent: Friday, February 03, 2006 5:07 PM
To: rpseis@nasa.gov

Subject: Draft Programmatic Environmental
Statement (DPEIS)

Impact

Dear Dr. Misra:

I thank NASA for inviting public comments on its
Draft Programmatic Environmental Impact
Statement (DPEIS) for a program to develop two
new kinds of Radioisotope Power Systems (RPSs)
for space missions.

-— NASA and the Department of Energy (who manage
nuclear development and production) already have
long records of accidents and toxic
contamination, from radioactive spills at
production facilities to space shuttle
explosions. Continuing and expanding space
plutonium power systems will lengthen the long
list of environmental destruction from
plutonium. In particular, the risk of a
catastrophic release of plutonium over a wide
area at a launch-time explosion is all too real.

-— The DPEIS considers two alternative plans.
The misleadingly-named "No Action Alternative”
would continue funding long-term research and
development of nuclear RPSs. The "Proposed
Action" would in addition develop two new RPSs,
the Multi-Mission Radioisotope Thermoelectric
Generator and the Stirling Radioisotope
Generator.

-— In view of the severe environmental
consequences of plutonium, both alternatives are
unsatisfactory and all development of nuclear
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Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE SAR
and the INSRP SER and, if the Administrator decides to continue with launch
preparations, submits a request for nuclear safety launch approval to the
Director of the Office of Science and Technology Policy (OSTP). The OSTP
Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed. Reg.
18026 (1981) - Forty Most Asked Questions Concerning CEQ's National
Environmental Policy Act Regulations) defines the No Action alternative as
no change from current conditions and/or not implementing the proposed
action. The No Action alternative addressed in this PEIS is consistent with
CEQ’s definition. The option of developing only non-nuclear power systems
for space exploration is addressed in Section 2.4.3 of this FPEIS. NASA



Submission from Karen Biesana

power systems for space should be stopped. We
want the entire program cancelled and move funds
into alternative non-nuclear power source
research and development.

-— With sufficient research and development,
alternative power sources for space missions are
practicable — all the more so in light of NASA’s
envisioning the need for lower levels of
electric power in future missions. European
Space Agency missions such as Rosetta, and
NASA”’s own Stardust mission, are examples of
successful use of solar power technology far
from the Sun.

Thank you kindly.

Sincerely,

Karen Biesanz

Response to Comments
thanks you for your comments on the alternatives presented in this PEIS.

Response to Comment 3: Most NASA missions currently rely primarily on
solar energy for electrical power to operate spacecraft, and NASA continues
to conduct research and development to further improve solar technology and
other non-nuclear power technologies. Additionally, NASA is aware of the
solar technology research and development activities of other agencies, both
domestic and foreign. However, there are some NASA science missions for
which solar power or other non-nuclear power technologies would not be
adequate to meet mission requirements. A range of power sources is
considered for any NASA mission, and each power source type is evaluated
based upon a number of factors, including how well it enables achieving the
science and engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004 and
indeed uses advanced solar power technology. However, while Rosetta is at
its furthest distance from the Sun near the orbit of Jupiter (July 2011 through
January 2014) the spacecraft will be placed in hibernation. Even with its
advanced solar technology there will not be sufficient power generated by the
solar arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the sun
reached by the Stardust mission (between the orbits of Mars and Jupiter), it is
not necessarily the efficiency of the solar power technology, but rather, the
availability and intensity of sunlight that is a limiting factor in the ability to
use solar power technology.
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Submission from Rita J. Buell

From:

Sent: Friday, February 03, 2006 7:15 PM
To: rpseis@nasa.gov

Subject: Nuclear Power in Space

Dear Sir:

I am 100% opposed to the use of any type of
nuclear power in space. At one time, | was thrilled
at the idea of space exploration.

Now, however, 1 am appalled that we are filling space
with the likes of plutonium. As long as any type of
radioactive material is sent into space, 1 will lobby
against any further funding for NASA. 1 wish now
that we had stayed right here on this planet.

Sincerely, Rita J. Buell

Response to Comments

Thank you for your comments.
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Submission from Alice Caldwell

From: on behalf of Alice
Caldwell [ 1

Sent: Sunday, February 05, 2006 8:03 AM
To: rpseis@nasa.gov

I remember as a child (I"m 79) hearing the prophesy
that the world would be destroyed by fire and now it
seems you are going to make that prophesy come true.
I have worked for civil rights and peace all my life
and 1 and the people who have worked so hard all
these years deserve your consideration of not
expanding the plutonium economy.

Thank you . Alice Caldwell

Response to Comments

Thank you for your comments.
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Submittal from Susan B. Chase

From: on behalf of sue chase

L 1
Sent: Friday, February 03, 2006 10:41 PM

To: rpseis@nasa.gov
Subject: STOP NUCLEAR SPACE PROGRAM

To: Dr. Ajay Misra
Science Mission Directorate
NASA Headquarters

Washington, DC

Dear Dr. Misra,

Given the fact that nuclear accidents happen, 1
urge you, for my sake, and the sake of my children
and grandchildren, to immediately cancel all
nuclear power systems for space.

I believe NASA"s research and development should
be devoted to finding safe, alternative, non-
nuclear methods for all space programs.

Sincerely,

Susan B. Chase
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Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7
and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: NASA'’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar



Submittal from Susan B. Chase Response to Comments

technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Demelza Costa

From: on behalf of Demelza

L 1
Sent: Saturday, February 18, 2006 2:55 PM

To: rpseis@nasa.gov

Subject: RPS: Public Comment

To whom It may concern,

Re: program to develop two new kinds of
Radioisotope Power Systems (RPSs) for space
missions:

NASA and the Department of Energy have long
records of accidents and toxic contamination, from
radioactive spills at production facilities to
space shuttle explosions. This is documented.

Continuing and expanding space plutonium power
systems will lengthen the long list of
environmental destruction from plutonium. In
particular, the risk of a catastrophic release of
plutonium over a wide area at a launch-time
explosion is all too real.

In view of the severe environmental consequences of
plutonium the current alternatives are
unsatisfactory and all development of nuclear power
systems for space should be stopped. I am
requesting that the entire program cancelled.

The funds available should be channeled into
alternative non-nuclear power source research and
development.

This plutonium agenda is quite frankly, Insane! 1
am totally opposed to both the overt and covert
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Responses to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE
facilities, including information on worker safety and potential
environmental impacts associated with DOE’s RPS program, is addressed
in DOE’s NEPA documentation including; the Draft EIS for the Proposed
Consolidation of Nuclear Operations Related to Production of
Radioisotope Power Systems (DOE/EIS-0373D, June 2005). Information
from DOE’s documentation pertinent to the development of advanced RPS
designs for use by NASA is incorporated by reference into this FPEIS and
summarized in Tables 2-7 and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed.
The nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own
Safety Evaluation Report (SER). The NASA Administrator considers the
DOE SAR and the INSRP SER and, if the Administrator decides to
continue with launch preparations, submits a request for nuclear safety
launch approval to the Director of the Office of Science and Technology
Policy (OSTP). The OSTP Director is authorized to render approval or
forward the matter to the President for a decision.

Response to Comment 2: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing
the proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3
of this FPEIS. NASA thanks you for your comments on the alternatives



Submission from Demelza Costa

"reasons” for RPS. Please terminate this
immediately.

Do You Yahoo!?

Tired of spam? Yahoo! Mail has the best spam
protection around

Responses to Comments
presented in this PEIS.

Response to Comment 3: NASA’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for
mission requirements. However, there are some NASA science missions
for which solar power or other non-nuclear power technologies would not
be adequate to meet mission requirements. A range of power sources is
considered for any NASA mission, and each power source type is
evaluated based upon a number of factors, including how well it enables
achieving the science and engineering requirements of the mission. NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally,
NASA is aware of the solar technology research and development activities
of other agencies, both domestic and foreign.

Resposne to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful,
scientific purposes. The advanced RPS (MMRTG and SRG) are being
developed by NASA for use where necessary on peaceful scientific space
exploration missions.

B-52



Submittal from Judith Ellenzweig

From: on behalf of Judy
Ellenzweig

[ 1
Sent: Tuesday, February 14, 2006 10:03 AM
To: rpseis@nasa.gov

Subject: Plutonium Danger

May 1 add my voice to the many hoping that all
development of nuclear power systems for space
be stopped given the environmental hazards of
plutonium and the danger of an accident. Thank
you for your interest in citizens®™ concerns in
this matter.

Judith Ellenzweig

Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and 2-
8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or SRG
would be subject to both the NEPA process and a separate and independent
nuclear safety launch approval process. As part of the NASA NEPA process, a
mission specific risk assessment would be performed. The nuclear safety
launch approval process requires that a detailed Safety Analysis Report be
prepared by DOE and reviewed by an Interagency Nuclear Safety Review
Panel (INSRP). The INSRP prepares its own Safety Evaluation Report (SER).
The NASA Administrator considers the DOE SAR and the INSRP SER and, if
the Administrator decides to continue with launch preparations, submits a
request for nuclear safety launch approval to the Director of the Office of
Science and Technology Policy (OSTP). The OSTP Director is authorized to
render approval or forward the matter to the President for a decision.
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Submittal from Judi Friedman Chair PACE

From:

Sent: Friday, February 03, 2006 4:54 PM
To: rpseis@nasa.gov

Subject: Comments on using plutonium

The members of the state-wide group PACE
(PEOPLE"S ACTION FOR CLEAN ENERGY) abhor the
concept of using plutonium as a fuel for outer
space missions. The risk is far too great and we
strongly oppose such an option. We are the
largest clean energy group in Connecticut, and
we feel deeply against this option.

Sincerely,

Judi Friedman Chair

Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and 2-
8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or SRG
would be subject to both the NEPA process and a separate and independent
nuclear safety launch approval process. As part of the NASA NEPA process, a
mission specific risk assessment would be performed. The nuclear safety
launch approval process requires that a detailed Safety Analysis Report be
prepared by DOE and reviewed by an Interagency Nuclear Safety Review
Panel (INSRP). The INSRP prepares its own Safety Evaluation Report (SER).
The NASA Administrator considers the DOE SAR and the INSRP SER and, if
the Administrator decides to continue with launch preparations, submits a
request for nuclear safety launch approval to the Director of the Office of
Science and Technology Policy (OSTP). The OSTP Director is authorized to
render approval or forward the matter to the President for a decision.
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Submittal from Bruce K. Gagnon, Global Network Against
Weapons & Nuclear Energy in Space

From: globalnet@mindspring.com on behalf of
Global Network [globalnet@mindspring.com]
Sent: Sunday, February 19, 2006 11:21 PM
To: rpseis@nasa.gov

Subject: DPEIS Comments

Dr. Ajay Misra

Science Mission Directorate
NASA HQ

Washington DC

Dear Dr. Misra:

For many years now the public has been invited
to comment, time after time, on NASA"s plans to
expand the use of nuclear power in space. Like
most things related to the government these
days, the public has little faith that your
agency is really listening.

I just attended the annual space nuclear power
symposium in Albuquerque, hosted each year by
the University of New Mexico Nuclear Engineering
Department. For the last dozen years | have
organized protests outside the event, which is a
primary promoter of nukes in space. It is clear
that the nuclear industry views space as a new
market.

The big money is at these events each year.
Lockheed Martin and Boeing are there with their
big fancy displays that 1"m sure the taxpayers
end up paying for. NASA, the Department of
Energy and a host of subcontractors also have
displays. Nuclear rockets, nuclear powered
mining colonies on the Moon and Mars, and now
Advanced Radioisotope Power Systems (RPS) are

Response to Comments

Response to Comment 1: In compliance with NEPA and CEQ (Council on
Environmental Quality) regulations and NASA policy and procedures, NASA
has provided the public with an opportunity to comment on the scope of this
PEIS and the environmental impact analysis of the alternatives. NASA
considers all comments received and thanks you for your comments.

Response to Comments 2: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and 2-
8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or SRG
would be subject to both the NEPA process and a separate and independent
nuclear safety launch approval process. As part of the NASA NEPA process, a
mission specific risk assessment would be performed. The nuclear safety
launch approval process requires that a detailed Safety Analysis Report be
prepared by DOE and reviewed by an Interagency Nuclear Safety Review
Panel (INSRP). The INSRP prepares its own Safety Evaluation Report (SER).
The NASA Administrator considers the DOE SAR and the INSRP SER and, if
the Administrator decides to continue with launch preparations, submits a
request for nuclear safety launch approval to the Director of the Office of
Science and Technology Policy (OSTP). The OSTP Director is authorized to
render approval or forward the matter to the President for a decision.

Response to Comment 3: The U.S. Congress and the Administration develop
national budget priorities among the various Federal agencies based on many
considerations related to national interests and security. In establishing its
budget, NASA must identify those activities that will enable it to meet the
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Submittal from Bruce K. Gagnon, Global Network Against
Weapons & Nuclear Energy in Space

all featured at this event. The whole scene
creates an air of certainty, of plans already
made and decisions long ago taken. The public
comment process is just one more necessary step
to be managed that creates the illusion that
all these plans are being carried out with the
consent of the governed. Nothing could be
farther from the truth.

We know that it is about mining the skies in the
coming years. We know that the nuclear
applications now under research and development
are to be used to create the technological
infrastructure to make it "cost effective" to
mine the sky for precious minerals. Things like
helium-3, gold, magnesium, cobalt, uranium and
the like. We understand that the aerospace
industry wants the taxpayer to cough up the
research and development funding for these
programs, and when the time comes that it will
be possible to turn profit in space, the entire
program will be privatized. In other words, we
are being fleeced.

The public will also suffer the risks of
expanding nuclear power iIn space. Accidents
during the RPS fabrication process could harm
workers and local communities surrounding DoE
laboratories. Accidents at time of launch, or
even reentry accidents, are not out of the
question. The environmental consequences would
be suffered by the public who are asked to put
up the money for these missions, but in the end
have little say over the direction of the
program.

The space program has long ago been taken over
by the big corporations. They, and their quest
for power and profit, are driving this space

Response to Comments

objectives for which it was created. Part of NASA’s mission is to explore the
solar system so that we may better understand our own planet. NASA firmly
believes that these advanced RPS technologies, if developed, could provide an
additional valuable tool that would enhance our ability to explore and
understand better the Universe and ultimately, humankind’s past, present, and
future.

Response to Comment 4: The impacts quantitatively addressed in this PEIS
(in Section 4.1) are associated with the research and development of the
MMRTG and SRG designs and research associated with advanced converter
technology. While the end use of the advanced RPS designs is addressed
qualitatively, as indicated in Section 4.1.7, future missions that propose to
carry an MMRTG or SRG fueled with plutonium would be subject to the
NEPA process. The mission specific EIS would include a discussion of the
impacts associated with the proposed launch, including any potential toxic
contamination from releases associated with launch vehicle propellants during
both successful and unsuccessful launches. As indicated in section 4.1.7, such
impacts have been identified in previous environmental documentation
including documentation for the New Horizons mission and the launch of
routine payloads on expendable launch vehicles from Cape Canaveral Air
Force Station, Florida and Vandenberg Air Force Base, California. These
impacts have been found to be short-term in nature and associated primarily
with exhaust products and noise. No long-term adverse impacts to air quality
near the launch area have been identified.

B-56



Submittal from Bruce K. Gagnon, Global Network Against
Weapons & Nuclear Energy in Space

ship today.

All the while back here on Mother Earth, 48
million Americans go without health care. Jobs
are drying up in the U.S. and our environment is
suffering from serious neglect. The public has
begun to question the wisdom of spending massive
amounts of our dwindling tax base on far-flung
missions to the heavens. The public wonders how
they can feed their children as space ships are
launched on expensive missions that have no
relevance to life here at home.

As NASA and DoE, working hand-and-glove with the
aerospace industry, introduce nuclear power into
the equation the public becomes even more
perplexed. How can they risk our lives on these
missions people ask? What right do they have to
do so?

We don"t even have to wait for a nuclear space
accident to see the environmental impact of
these missions. Each launch of a rocket with
toxic fuels helps burn a hole in our ozone layer
and helps spread the threat of global warming.
NASA tells us they are "searching for the
origins' of life in space as they help to
destroy life on our Earth.

Our organization opposes all research,
development, testing, production and launching
of all nuclear space devices. We remain
convinced that some nuclear space devices will
also be developed for use to power space weapons
technology.

We insist that NASA and DoE shut down all its
nuclear laboratories around the U.S. and close
down all related work on the nuclear rocket,

Response to Comments
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Submittal from Bruce K. Gagnon, Global Network Against
Weapons & Nuclear Energy in Space

nuclear space reactors and RPS"s.

Bruce K. Gagnon

Coordinator

Global Network Against Weapons & Nuclear Power
in Space

PO Box 652

Brunswick, ME 04011

(207) 729-0517

http://www.spacedpeace.org
globalnet@mindspring.com
http://spacedpeace.blogspot.com (Blog)

Response to Comments
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Submittal from HG Graham

From: on behalf of
Holly Gwinn Graham [ 1

Sent: Wednesday, February 08, 2006 11:34 AM
To: rpseis@nasa.gov

Subject: no more plutonium powered probes

Absolutely no to any plans to continue or offer
nuclear-based "alternatives"™ to the present
dangerous and deadly use of plutonium to power
space probes. Take a lesson from the solar
powered Rosetta and Stardust missions, and use
the safe and renewable, sustainable and wise
power source from the sun rather than continuing
to court catastrophe with the use of the most
deadly substance on earth as your mode of power.
Would you infect the galaxy too? Think again. No
plutonium in space!

Sincerely, HG Graham

We are the ones we have been waiting for.

Response to Comments

Response to Comment 1: Most NASA missions currently rely primarily on
solar energy for electrical power to operate spacecraft, and NASA continues to
conduct research and development to further improve solar technology and
other non-nuclear power technologies. Additionally, NASA is aware of the
solar technology research and development activities of other agencies, both
domestic and foreign. However, there are some NASA science missions for
which solar power or other non-nuclear power technologies would not be
adequate to meet mission requirements. A range of power sources is
considered for any NASA mission, and each power source type is evaluated
based upon a number of factors, including how well it enables achieving the
science and engineering requirements of the mission.

1 While successful, the Rosetta mission illustrates some of the limitations

associated with the use of solar power for exploration missions. The European
Space Agency’s Rosetta mission was launched March 2, 2004 and indeed uses
advanced solar power technology. However, while Rosetta is at its furthest
distance from the Sun near the orbit of Jupiter (July 2011 through January
2014) the spacecraft will be placed in hibernation. Even with its advanced solar
technology there will not be sufficient power generated by the solar arrays to
fully operate all spacecraft systems. In traveling to even greater distances from
the sun, beyond the farthest distance from the sun reached by the Stardust
mission (between the orbits of Mars and Jupiter), it is not necessarily the
efficiency of the solar power technology, but rather, the availability and
intensity of sunlight that is a limiting factor in the ability to use solar power
technology.
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Submittal from Jean Guidry

From: on behalf of
Jean Guidry

L 1
Sent: Friday, February 17, 2006 10:36 AM
To: rpseis@nasa.gov

Subject: funding for nuclear material

Please stop all funding and any plans for
nuclear material iIn space.

Thank you
JeanGuidry

Response to Comments

Thank you for your comment.
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Submittal from Robert Guinness

From: on behalf of
Robert Guinness

L 1

Sent: Saturday, February 04, 2006 4:11 PM

To: rpseis@nasa.gov

Subject: 1 Support Development of Radioisotope Power
Systems.

To Whom It May Concern:

As a Firm believer in the importance of space exploration
for the betterment of Earth, society, and the human
condition, | strongly support NASA and DoE"s development
of Advanced Radioisotope Power Systems. Although
radioisotope power systems (RPS) should be handled with
extreme care, they are an indispensable need for our
nation®s current goals in the exploration of outer space,
particularly for robotic missions to the outer solar
system and long-duration missions to the Moon. The only
currently available alternatives to RPS for outer solar
system missions are prohibitively large solar panels, and
for long-duration lunar missions, prohibitively massive
batteries to survive the long lunar night in equatorial
regions. If "peaks of eternal light" are to be found in
the lunar polar regions, solar cells in these locations
could be a feasible alternative to RPS, and this
possibility should be fully investigated.

In handling RPS, NASA and DoE should continue its strong
record of ensuring every possible precaution for the safe
production, transport, launch and/or disposal of such
systems is put into place. Working conditions for those
involved in this development should be made as safe as
possible. In particular, NASA should place strong
emphasis and budgetary priority on increasing the
reliability of launchers proposed to launch spacecraft
that utilize RPS.
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Thank you for your comments.
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NASA and DoE should also make considerable effort to
inform and educate the public as to the distinction
between the dangers of low-wattage RPS for spacecraft and
those of enormous nuclear power plants. The Department of
Education, together with the EPA, NSF, NRC, and state
governments, should aid in this effort by committing real
financial and humanpower resources to such an educational
effort.

Reasonable people and responsible institutions accept
reasonable and responsible risks to achieve their goals.
The exploration, development, and utilization of outer
space is a key area in our nation"s efforts to protect
our environment, energy supply, economy, security,
technological edge, and ultimately our very existence.
Just as radioisotopes are the energy source of deep ocean
vents where life on Earth possibly began, this energy
source can and should play a role in extending life into
the dark regions of the Solar System.

In conclusion, radioisotope power systems, when handled
responsibly, are a reasonable solution to the problem of
supplying power to spacecraft when solar energy is not
adequately available, and 1 give my strongest public
support for NASA and DoE"s development of Advanced
Radioisotope Power Systems.

Sincerely,
Robert Guinness

St. Louis, MO

Response to Comments
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Submittal from Martha Gwyn

From:

L 1
Sent: Saturday, February 18, 2006 12:17 PM

on behalf of Robert Gwyn

To: rpseis@nasa.gov

Subject: plutonium power

I oppose continuing and expanding all space
plutonium power systems.

Financial support should be moved to solar power
which is available and safe.

Martha Gwyn

Response to Comments

Response to Comment 1: NASA’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Regina Hagen

From:
behalf of Regina Hagen

L 1
Sent: Monday, February 20, 2006 2:29 PM

on

To: Dr.Ajay Misra - NASA Science Mission
Directorate

Subject: Comment on RPS DPEIS

Dear Dr. Misra,

I ask you to accept this mail as my written
comment to the December 2005 '"Draft Programmatic
Environmental Impact Statement for the Development
of Advanced Radioisotope Power Systems' (RPS
DPEIS). Even though not a US national or resident,
development, fabrication, and use of plutonium-
containing space power systems by NASA is of
relevance to me due to the potentially global
dimensions of such activities.

The RPS DPEIS addresses many issues and gives
plenty of information that is relevant to allow
citizens form an opinion on proposed RPS-related
NASA activities. The way, the DPEIS is structured,
however, iIs not acceptable. For very good reasons
which 1 stated in comments to previous nuclear
space power-related EIS documents, I generally
oppose the use of nuclear space power as it brings
with it unacceptable risks, contaminations, and
nuclear waste.

The track record of nuclear space power use is far
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: DOE is responsible for managing the safe
disposal of all wastes generated from RPS production. Additional
information can be found in DOE prepared documents including the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).
Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and in sections 4.1.4.

Response to Comment 3: The President’s FY07 budget request for the
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less positive than the list on p. 2-5 and 2-6 of
the DPEIS pretend. Aside from the accidents which
the NASA nuclear space power missions had, there
is considerable harm done throughout the whole
lifecycle of the nuclear power sources. For the
years 1993-1995, when the Cassini RTGs were
fabricated at Los Alamos National Nuclear
Laboraty, the lab reported a 75% increasse
contamination incidents (from 139 to 244).
Accordingly, 105 additional LANL staff or
contractors received extra radiation doses high
enough to require official reporting. This kind of
"impacts from past activities" might be "well
understood and have been documented in past NEPA
documents', however, they are totally
unacceptable.

of

Further, it is unacceptable that these RPS systems
are dealt with exclusively under the title of
"spaceflight” which has a very positive
connotation for many people.

The "Department of Energy FY 2007 Congressional
Budget Request', e.g., clearly mentions
fabrication of two RTGs for national security
purposes. The development, however, is done under
the rubric of "space exploration”. This is utterly
dishonest.

Plutonium-238 is the deadliest substance we know
if inhaled or otherwise incorporated in the human
body. Spaceflight, on the other hand side, is
characterized by the danger associated with the
missions. As a rule, every seventh nuclear-powered
space mission the US and Russia undertook
displayed serious or fatal problems, up to burn-up
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Department of Energy is not within the scope of this PEIS. However, in
addition to the RPSs identified by the commenter, The Congressional Budget
request included requests for funding for the development of two
qualification units for NASA.

Response to Comment 4: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.
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of the isotopes during re-entry of the Earth"s
atmosphere during accidents.

Space is thrilling, the universe challenging, the
solar system still mysterious. This gives us no
Justification, however, to push space missions
that can harm humanity today or in the future.

With the ''no action'” alternative of the DPEIS not
even considering non-nuclear solutions - including
the cancellation of any space exploration plans
that can as of today not be done without nuclear
power sources -, the whole EIS process is a farce.

I call on NASA to abandon any nuclear power
source-related activities without delay, including
research, development, fabrication, and use of any
ARPS systems.

Sincerely,
Regina Hagen

R R o e o e e R R R AR AR R R R R AR R R e e

Regina Hagen

Response to Comments
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Submission from S. L. Hayes

From: SLHayes@spdom.
L 1
Sent: Thursday, February 16, 2006 12:53 PM

To: rpseis@nasa.gov

Subject: NASA plutonium in space comments

February 16, 2006

Dr. Ajay Misra

Science Mission Directorate Mail Code 3C67

NASA Headquarters
300 E Street, NW
Washington DC 20546-0001

Via email: rpseis@nasa.gov

Dear Dr. Misra:

I am responding to NASA®"s invitation to submit
comments on the Draft Programmatic Environmental
Impact Statement for a program to develop two new
kinds of Radioisotope Power Systems for space
missions.

Our religious congregation is a shareholder in
corporations, many of which are or have been prime
contractors for the Department of Defense and the
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: DOE is responsible for all nuclear material
transportation associated with RPS production, including the safe transport
of completed RPS units to Kennedy Space Center. As with all Federal
agencies, DOE is required by law to comply with provisions of NEPA, CEQ
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Department of Energy. Shareholders, as early as
the 1970s, challenged companies, e.g. AT&T,
General Dynamics, General Electric, Honeywell,
LockheedMartin, Monsanto, Rockwell, Textron and
Union Carbide, to disclose and be accountable for
employee health, community impact and
environmental destruction due to DOD and DOE
contract implementation. As Director of Corporate
Social Responsibility for my religious
congregation, I, along with other investors, have
raised issues related to nuclear warhead
production, nuclear weapons and their delivery
systems, e.g. MX missile, fighters and bombers,
space weapons, ballistic missiles. Based on that
experience, 1 offer the following comments.

Environmental and Human Impact

NASA and the Department of Energy have long
records of accidents and toxic contamination,
including radioactive spills at production
facilities to space shuttle explosions. Also well
documented have been the health effects on workers
and communities. Continuing and expanding space
plutonium power systems will lengthen the lists of
environmental destruction and health impacts from
plutonium and other radioactive materials.

Every expansion of the plutonium economy,
including research, development and transportation
of radioactive materials over thousands of miles,
increases the risk of nuclear accidents or theft
of nuclear materials-and increases risk of
"accidental" proliferation of nuclear materials
that could be used for bombs.

Weapons in Space

The DPEIS states that RPSs are being developed
"for NASA"s space exploration purposes and not for
military purposes.'" Military applications are
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regulations, and applicable DOE Regulations. Transportation risks related to
RPS production are discussed in more detail in the Nuclear Infrastructure
PEIS (DOE/EIS-310, December 2000), and Finding of No Significant
Impact and Final Environmental Assessment for the Future Location of Heat
Source/Radioisotope Power System Assembly and Testing and Operations
Currently Located at the Mound Site (DOE/EA-1438, August 2002), the
Finding of No Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).

). Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.

Response to Comment 3: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is not a
viable material for nuclear weapons and is generally not recognized as a
nuclear proliferation threat. But, plutonium-238 is a special nuclear material
(SNM); therefore it is rigorously protected against loss, theft, and sabotage
through a proven safeguard and security program. This includes, but not
limited to, physical protection countermeasures, and asset tracking and
control. Additional information can be found in DOE prepared documents
including the Nuclear Infrastructure PEIS (DOE/EIS-310, December 2000)
and the Draft EIS for the Proposed Consolidation of Nuclear Operations
Related to Production of Radioisotope Power Systems (DOE/EIS-0373D,
June 2005).

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful, scientific
purposes. The advanced RPS (MMRTG and SRG) are being developed by
NASA for use where necessary on peaceful scientific space exploration
missions.

Response to Comment S: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
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proposed somewhere in the materials. Investors
are not nairve and have read the figures iIn the
national budget. We also know that there is a
"black" budget in which many weapons systems are
funded secretly for research and development.
Additionally, we investors have access to
shareholder materials and have heard CEO speeches
expressing the expectation that new and more
highly technological systems and applications are
in the pipelines.

Alternatives

In view of the severe environmental consequences

of plutonium and the waste of taxpayer, human and
natural resources, the alternatives proposed are

unsatisfactory. All development of nuclear power
systems for space should be stopped.

I recommend moving the funds into alternative non-
nuclear power source research and development.
Alternative power sources for space missions are
feasible-especially in light of NASA"s need for
lower levels of electric power in future missions.
European Space Agency missions, e.g. Rosetta and
NASA®"s own Stardust mission, were successful uses
of solar power technology far from the Sun.

Cost vs Human Needs

For many years, faith-based investors have
questioned the enormous human and environmental
costs of weapons production. We believe, and have
stated repeatedly, that global security will come
about only when there is justice for all through
human development and environmental and economic
sustainability.

We believe the responsibilities of the Department
of Energy and NASA include analyzing the effects
of their decisions on employees, communities,
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National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 6: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally, NASA
is aware of the solar technology research and development activities of other
agencies, both domestic and foreign. However, there are some NASA
science missions for which solar power or other non-nuclear power
technologies would not be adequate to meet mission requirements. A range
of power sources is considered for any NASA mission, and each power
source type is evaluated based upon a number of factors, including how well
it enables achieving the science and engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004 and
indeed uses advanced solar power technology. However, while Rosetta is at
its furthest distance from the Sun near the orbit of Jupiter (July 2011 through
January 2014) the spacecraft will be placed in hibernation. Even with its
advanced solar technology there will not be sufficient power generated by
the solar arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the sun
reached by the Stardust mission (between the orbits of Mars and Jupiter), it
is not necessarily the efficiency of the solar power technology, but rather, the
availability and intensity of sunlight that is a limiting factor in the ability to
use solar power technology.

Response to Comment 7: The U.S. Congress and the Administration
develop national budget priorities among the various Federal agencies based
on many considerations related to national interests and security. In
establishing its budget, NASA must identify those activities that will enable
it to meet the objectives for which it was created. Part of NASA’s mission is
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nations and a sustainable environmental future.
Producing, assembling and launching highly
radioactive nuclear materials into space cannot be
jJjustified when reduced or no funding for
education, health care, environmental clean-up and
other social programs will enable the
Administration to pay corporations to expand use
of nuclear power for space missions.

I urge NASA to suspend all work to produce,
purify, assemble, test and launch plutonium.

I believe the money, human and natural resources
would be better used if the Department of Energy
and NASA would direct them toward development of
alternative non-radioactive technologies for space
exploration.

Thank you for your attention.

Yours truly,

Sister Linda Hayes, OP

Director, Corporate Social Responsibility

Response to Comments

to explore the solar system so that we may better understand our own planet.
NASA firmly believes that these advanced RPS technologies, if developed,
could provide an additional valuable tool that would enhance our ability to
explore and understand better the Universe and ultimately, humankind’s
past, present, and future.
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Submission from

From: on behalf of Thomas
Heiman [ 1

Sent: Monday, February 06, 2006 12:27 PM
To: rpseis@nasa.gov
Subject: NO MORE RADIOACTIVE LAUNCHES PLEASE

TO: Dr Ajay Misra, Science Mission Directorate,
NASA HQ

Mail Code 3C67

NASA Headquarters

300 E Street, NW
Washington DC 20546-0001
(202) 358-1588

Please do NOT continue, and do NOT initiate more
radioactive materials based technologies
(including all RPS) for space utilization. The
pollution and potential for disasters as result of
any malfunction of these systems are too terrible
to contemplate, much less to implement.

I am a US citizen and am deeply concerned about
such policies, which are incredibly short-sighted
and are unconscionable.

Thank you for your consideration.
Respectfully,

Thomas H. Heiman

Response to Comments

Thank you for your comments.
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Submission from Valerie Heinonen
Mercy Investment Program

Mercy Investment Program

Valerie Heinonen, o.s.u., Consultant, Corporate Social
Responsibility

205 Avenue C, #10E ~ New York, NY 10009
Phone and fax 1-212-674-2542 ~ E-mail

heinonenv@juno.com February 15, 2006
Dr. Ajay Misra

Science Mission Directorate Mail Code 3C67
NASA Headquarters

300 E Street, NW

Washington DC 20546-0001 (202) 358-1588
rpseis@nasa.gov

Dear Dr. Misra:

I am responding to NASA’s invitation to submit comments on the Draft
Programmatic Environmental Impact Statement for a program to develop
two new kinds of Radioisotope Power Systems for space missions.

The religious institutional investors, on whose behalf the following
comments are submitted, are shareholders in corporations, many of which
are or have been prime contractors for the Department of Defense and the
Department of Energy. Shareholders, as early as the 1970s, challenged
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: DOE is responsible for all nuclear material
transportation associated with RPS production, including the safe transport
of completed RPS units to Kennedy Space Center. As with all Federal
agencies, DOE is required by law to comply with provisions of NEPA, CEQ
regulations, and applicable DOE Regulations. Transportation risks related to
RPS production are discussed in more detail in the Nuclear Infrastructure
PEIS (DOE/EIS-310, December 2000), and Finding of No Significant
Impact and Final Environmental Assessment for the Future Location of Heat
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Mercy Investment Program

companies, e.g. AT&T, General Dynamics, General Electric, Honeywell,
LockheedMartin, Monsanto, Rockwell, Textron and Union Carbide, to
disclosure and be accountable for employee health, community impact and
environmental destruction due to DOD and DOE contract implementation.
We, investors, the Dominican Sisters of Hope, Mercy Investment
Program, Sisters of Mercy-Regional Community of Detroit and the
Ursuline Sisters-U.S. Province, raised issues related to nuclear warhead
production, nuclear weapons and their delivery systems, e.g. MX missile,
fighters and bombers, space weapons, ballistic missiles. Based on our
experience, we offer the following comments.

Environmental and Human Impact

NASA and the Department of Energy have long records of accidents and
toxic contamination, including radioactive spills at production facilities
to space shuttle explosions. We have witnessed this in the past when
visiting DOE and company facilities in Florida, Ohio, Tennessee and
Colorado. We have also heard about and seen the health effects on
workers and communities. Continuing and expanding space plutonium
power systems will lengthen the lists of environmental destruction and
health impacts from plutonium and other radioactive materials.

Every expansion of the plutonium economy, including research,
development and transportation of radioactive materials over thousands of
miles, increases the risk of nuclear accidents or theft of nuclear
materials—and increases risk of “accidental” proliferation of nuclear
materials that could be used for bombs.

Weapons in Space

The DPEIS states that RPSs are being developed "for NASA’s space
exploration purposes and not for military purposes." We know that
military applications are proposed somewhere in the materials. We are not
naive and we read the figures in the national budget. We also know that
there is a “black” budget in which many weapons systems are funded
secretly for research and development. Additionally, we investors have
access to shareholder materials and have heard CEO speeches expressing
the expectation that new and more highly technological systems and
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Source/Radioisotope Power System Assembly and Testing and Operations
Currently Located at the Mound Site (DOE/EA-1438, August 2002), the
Finding of No Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).

). Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.

Response to Comment 3: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is not a
viable material for nuclear weapons and is generally not recognized as a
nuclear proliferation threat. But, plutonium-238 is a special nuclear material
(SNM); therefore it is rigorously protected against loss, theft, and sabotage
through a proven safeguard and security program. This includes, but not
limited to, physical protection countermeasures, and asset tracking and
control. Additional information can be found in DOE prepared documents
including the Nuclear Infrastructure PEIS (DOE/EIS-310, December 2000)
and the Draft EIS for the Proposed Consolidation of Nuclear Operations
Related to Production of Radioisotope Power Systems (DOE/EIS-0373D,
June 2005).

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful, scientific
purposes. The advanced RPS (MMRTG and SRQG) are being developed by
NASA for use where necessary on peaceful scientific space exploration
missions.

Response to Comment S: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
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applications are in the pipelines.

Alternatives

In view of the severe environmental consequences of plutonium and the
waste of taxpayer, human and natural resources, the alternatives proposed
are unsatisfactory. All development of nuclear power systems for space
should be stopped.

We suggest moving the funds into alternative non-nuclear power source
research and development. Alternative power sources for space
missions are feasible—especially in light of NASA’s need for lower levels
of electric power in future missions. European Space Agency missions,
e.g. Rosetta and NASA’s own Stardust mission, were successful uses of
solar power technology far from the Sun.

Cost vs Human Needs

For many years, faith-based investors have questioned the enormous
human and environmental costs of weapons production. We believe, and
have stated repeatedly, that global security will come about only when
there is justice for all through human development and environmental and
economic sustainability.

We believe the responsibilities of the Department of Energy and NASA
include analyzing the effects of their decisions on employees,
communities, nations and a sustainable environmental future. Producing,
assembling and launching highly radioactive nuclear materials into space
cannot be justified when reduced or no funding for education, health care,
environmental clean-up and other social programs will enable the
Administration to pay corporations to expand use of nuclear power for
space missions.

On behalf of the Dominican Sisters of Hope, Mercy Investment Program,
Sisters of Mercy-Regional Community of Detroit and the Ursuline Sisters-
U.S. Province, I urge NASA to suspend all work to produce, purify,
assemble, test and launch plutonium.

We believe the money, human and natural resources would be better used
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nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 6: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally, NASA
is aware of the solar technology research and development activities of other
agencies, both domestic and foreign. However, there are some NASA
science missions for which solar power or other non-nuclear power
technologies would not be adequate to meet mission requirements. A range
of power sources is considered for any NASA mission, and each power
source type is evaluated based upon a number of factors, including how well
it enables achieving the science and engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004 and
indeed uses advanced solar power technology. However, while Rosetta is at
its furthest distance from the Sun near the orbit of Jupiter (July 2011 through
January 2014) the spacecraft will be placed in hibernation. Even with its
advanced solar technology there will not be sufficient power generated by
the solar arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the sun
reached by the Stardust mission (between the orbits of Mars and Jupiter), it
is not necessarily the efficiency of the solar power technology, but rather, the
availability and intensity of sunlight that is a limiting factor in the ability to
use solar power technology.

Response to Comment 7: The U.S. Congress and the Administration
develop national budget priorities among the various Federal agencies based
on many considerations related to national interests and security. In
establishing its budget, NASA must identify those activities that will enable
it to meet the objectives for which it was created. Part of NASA’s mission is
to explore the solar system so that we may better understand our own planet.
NASA firmly believes that these advanced RPS technologies, if developed,
could provide an additional valuable tool that would enhance our ability to
explore and understand better the Universe and ultimately, humankind’s
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Mercy Investment Program

if the Department of Energy and NASA would direct them toward
development of alternative non-radioactive technologies for space
exploration.

Thank you for your attention.
Yours truly,

Valerie Heinonen, o.s.u.

Response to Comments

past, present, and future.
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Submission from Eric Herter

From: on behalf of Eric &
Hoa Herter [ 1

Sent: Monday, February 06, 2006 6:17 AM
To: rpseis@nasa.gov

Subject: plutonium launches

Dear friends at NASA —-

Given the toxicity of plutonium and the record
of launch failiures, your seeming disregard for
the public health consequences of deploying
nuclear power systems in space is breathtaking. 1|
hope you come to your senses before this project
results in catastophe.

With best wishes,

Eric Herter

Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.
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Submission from Marilyn Hoff

From: on behalf of lynnie
howe

L 1

Sent: Friday, February 10, 2006 6:13 PM

To: rpseis@nasa.gov

Subject: New RPS development public comment

To NASA:

Given NASA"s sorry safety record and long trail of
accidents, it"s only a matter of time until a
failed launch scatters more plutonium from your
radio isotope thermoelectric generators over
populous world areas. Your insistence on using
these dangerous power sources is criminal. I™m
sure you know the dangerous toxicity, both
chemical and radiological, of PU-238, and yet your
propose to use it in your risky ventures even more
than before.

Not only is the alternative in which you develop
new kinds of RTGs totally unacceptable to the
safety of the world population; it is also
unacceptable to use your present version of RTG.
Please instead devote your fine and criminal
scientific minds to developing a much safer source
of power for your launches.

Sincerely,
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
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Marilyn Hoff

Response to Comments

nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 3: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues
to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Charles Lord

From: on behalf of Charles

Lord [ 1
Sent: Saturday, February 04, 2006 11:38 AM
To: rpseis@nasa.gov

Subject: DPEIS

Dear Sirs: 1 hope you will not approve the
development of radioisotope power system
developments in space using plutonium. Plutonium
is a very dangerous substance, and any accident at
take-off or in space could endanger many people.
Charles Lord,

Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.
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Submission from Margaret Maier

From: on behalf of

Margaret Maier

L 1

Sent: Friday, February 03, 2006 10:31 PM
To: rpseis@nasa.gov

Subject: Nix Nuclear Power In Space

Both of your alternatives are unsatisfactory.

Just stop altogether nuclear power systems for
space.

NASA has had more than enough accidents and caused
more than enough toxic contamination.

Margaret Maier

|2
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Response to Comment 1: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 2: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
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OSTP Director is authorized to render approval or forward the matter to the
President for a decision.
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Submission from Ruth Gunn Mota

Dr. Ajay Misra
Science Mission Directorate
NASA Headquarters

February 15, 2006
Dear Dr. Misra,

As a public health educator, 1 am writing to
oppose the development and operation of
Radioisotope Power Systems (RPSs). As you are well
aware, exposure to even small amounts of plutonium
pose serious risks for humans and all living
things. NASA has a record of spills at production
facilities and explosions of spacecraft on
takeoff. Continued explorations using large
amounts of plutonium, like the recent New Horizons
mission, increase the chance of accidents that
could make large areas of the country
uninhabitable for billions of years and cause
serious illness and death to those exposed to
radiation.

Space exploration can still be accomplished using
solar propulsion. 1 strongly encourage NASA not to
move forward on its development of RPSs. Use
funding to research alternative forms of energy
for propulsion.

Sincerely,

Ruth Gunn Mota MPH
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues
to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
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engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Paul Moulton

From: on behalf of

Paul Moulton

L 1
Sent: Monday, February 13, 2006 11:38 PM

To: rpseis@nasa.gov

Subject: Comments on DPEIS for Space Radioisotope
Power Systems

I concur with the Global Network Against Weapons &
Nuclear Power in Space and oppose the development
of Radioisotope Power Systems (RPSs) for space
missions and oppose sending nuclear material into
space. | urge you to cancel the entire program
and move funds into alternative non-nuclear power
source research and development. With the threat
of global warming the refinement of solar power
systems has great benefit for life on earth, while
nuclear power sources are a great threat to life
on earth.

" —— NASA and the Department of Energy (who manage
nuclear development and production) already have
long records of accidents and toxic contamination,
from radioactive spills at production facilities
to space shuttle explosions. Continuing and
expanding space plutonium power systems will
lengthen the long list of environmental
destruction from plutonium. In particular, the
risk of a catastrophic release of plutonium over a
wide area at a launch-time explosion is all too
real.

-— The DPEIS considers two alternative plans. The
misleadingly-named ""No Action Alternative"™ would
continue funding long-term research and
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing
the proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
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development of nuclear RPSs. The "Proposed Action"
would in addition develop two new RPSs, the Multi-
Mission Radioisotope Thermoelectric Generator and
the Stirling Radioisotope Generator.

In view of the severe environmental
consequences of plutonium, both alternatives are
unsatisfactory and all development of nuclear
power systems for space should be stopped. We want
the entire program cancelled and move funds into
alternative non-nuclear power source research and
development.

-— With sufficient research and development,
alternative power sources for space missions are
practicable - all the more so in light of NASA"s
envisioning the need for lower levels of electric
power in future missions.

European Space Agency missions such as Rosetta,
and NASA"s own Stardust mission, are examples of
successful use of solar power technology far from
the Sun.

-— The DPEIS states that RPSs are being developed
"for NASA"s space exploration purposes and not for
military purposes". But it is well known that
military applications are in the background. For
example: "The primary driver for us to start
production [of plutonium-powered batteries] is for
national security requirements," said Tim Frazier,
director of the energy department®s radioisotope
power systems program in Washington, D.C. "As to
what those national security applications are, |
would just prefer to say not in space.”
(Associated Press July 3, 2005)

-- Every expansion of the plutonium economy,
including research, development and transportation
over thousands of miles of deadly materials,
increases the risk that nuclear accidents or

N
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nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 3: Most NASA missions currently rely primarily on
solar energy for electrical power to operate spacecraft, and NASA continues
to conduct research and development to further improve solar technology
and other non-nuclear power technologies. Additionally, NASA is aware of
the solar technology research and development activities of other agencies,
both domestic and foreign. However, there are some NASA science
missions for which solar power or other non-nuclear power technologies
would not be adequate to meet mission requirements. A range of power
sources is considered for any NASA mission, and each power source type is
evaluated based upon a number of factors, including how well it enables
achieving the science and engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004 and
indeed uses advanced solar power technology. However, while Rosetta is at
its furthest distance from the Sun near the orbit of Jupiter (July 2011 through
January 2014) the spacecraft will be placed in hibernation. Even with its
advanced solar technology there will not be sufficient power generated by
the solar arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the sun
reached by the Stardust mission (between the orbits of Mars and Jupiter), it
is not necessarily the efficiency of the solar power technology, but rather,
the availability and intensity of sunlight that is a limiting factor in the ability
to use solar power technology.

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful, scientific
purposes. The advanced RPS (MMRTG and SRG) are being developed by
NASA for use where necessary on peaceful scientific space exploration
missions.

Response to Comment 5: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is a
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theft. "

Sincerely,

Paul Charbonnet Moulton

Response to Comments

special nuclear material (SNM); therefore it is rigorously protected against
loss, theft, and sabotage through a proven safeguard and security program.
This includes, but not limited to, physical protection countermeasures, and
asset tracking and control. Additional information can be found in DOE
prepared documents including the Nuclear Infrastructure PEIS (DOE/EIS-
310, December 2000) and the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005).

Response to Comment 6: DOE is responsible for all nuclear material
transportation associated with RPS production, including the safe transport
of completed RPS units to Kennedy Space Center. As with all Federal
agencies, DOE is required by law to comply with provisions of NEPA, CEQ
regulations, and applicable DOE Regulations. Transportation risks related to
RPS production are discussed in more detail in the Nuclear Infrastructure
PEIS (DOE/EIS-310, December 2000), and Finding of No Significant
Impact and Final Environmental Assessment for the Future Location of Heat
Source/Radioisotope Power System Assembly and Testing and Operations
Currently Located at the Mound Site (DOE/EA-1438, August 2002), the
Finding of No Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).

). Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.
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Submission from Tom Neilson

From: on behalf of Tom
Neilson [ 1

Sent: Sunday, February 12, 2006 11:04 PM
To: rpseis@nasa.gov

Subject: alternatives

Both alternatives are unacceptable. The
environmental impact is potentially devastating
and eben in its most minimal impact is still
harming through exposure. We have been lied to
almost pathologically about radioactive
components. You have poisoned our planet and 1|
will not support more of it.

Dr. Tom Neilson

[y
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Response to Comment 1: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 2: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
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OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

B-88



Submission from John Nettleton

From: on behalf of John Nettleton
[ 1

Sent: Friday, February 17, 2006 12:19 PM
To: rpseis@nasa.gov
Subject: nuclear space

Please keep toxic materials out of space. We"ve
already laid waste large portions of the planet on
which we live. Since we seldom seem to know the side
effects of our actions until after the fact, I think
we should refrain from ventures that have the
possibility of further contamination of our biosphere.

Respectfully,
John Nettleton
Preschool Director

USMC 1967-71

Do You Yahoo!?

Tired of spam? Yahoo! Mail has the best spam
protection around

Response to Comments

Thank you for your comments.
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Submission from Marcelline Koch

Dominican Sisters of Springfield Il

From: on behalf of Koch, Sr.
Marcelline [ 1

Sent: Monday, February 20, 2006 12:30 PM

To: rpseis@nasa.gov

Subject: NASA plutonium comments

February 20, 2006

Dr. Ajay Misra

Science Mission Directorate
NASA Headquarters

300 E Street, NW
Washington DC 20546-0001

Mail Code 3C67

Via email: rpseis@nasa.gov

Dear Dr. Misra:

We are responding to NASA’s invitation to submit
comments on the Draft Programmatic Environmental
Impact Statement for a program to develop two new
kinds of Radioisotope Power Systems for space
missions.

Our religious congregation is a shareholder in
corporations, many of which are or have been prime
contractors for the Department of Defense and the
Department of Energy. Shareholders, as early as
the 1970s, challenged companies, e.g. AT&T,
General Dynamics, General Electric, Honeywell,
LockheedMartin, Monsanto, Rockwell, Textron and
Union Carbide, to disclose and be accountable for
employee health, community impact and
environmental destruction due to DOD and DOE
contract implementation. Our Director of
Corporate Social Responsibility, along with other
investors, has raised issues related to nuclear
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: DOE is responsible for all nuclear material
transportation associated with RPS production, including the safe transport
of completed RPS units to Kennedy Space Center. As with all Federal
agencies, DOE is required by law to comply with provisions of NEPA, CEQ
regulations, and applicable DOE Regulations. Transportation risks related to
RPS production are discussed in more detail in the Nuclear Infrastructure
PEIS (DOE/EIS-310, December 2000), and Finding of No Significant
Impact and Final Environmental Assessment for the Future Location of Heat
Source/Radioisotope Power System Assembly and Testing and Operations
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Dominican Sisters of Springfield Il

warhead production, nuclear weapons and their
delivery systems, e.g. MX missile, fighters and
bombers, space weapons, ballistic missiles. Based
on that experience, we offer the following
comments.

Environmental and Human Impact

NASA and the Department of Energy have long
records of accidents and toxic contamination,
including radioactive spills at production
facilities to space shuttle explosions. Also well
documented have been the health effects on workers
and communities. Continuing and expanding space
plutonium power systems will lengthen the lists of
environmental destruction and health impacts from
plutonium and other radioactive materials.

Every expansion of the plutonium economy,
including research, development and transportation
of radioactive materials over thousands of miles,
increases the risk of nuclear accidents or theft
of nuclear materials—-and increases risk of
“accidental” proliferation of nuclear materials
that could be used for bombs.

Weapons in Space

The DPEIS states that RPSs are being developed
"for NASA’s space exploration purposes and not for
military purposes.” Military applications are
proposed somewhere in the materials. Investors
are not nairve and have read the figures in the
national budget. We also know that there is a
“black™ budget in which many weapons systems are
funded secretly for research and development.
Additionally, we investors have access to
shareholder materials and have heard CEO speeches
expressing the expectation that new and more
highly technological systems and applications are
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Currently Located at the Mound Site (DOE/EA-1438, August 2002), the
Finding of No Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).

). Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.

Response to Comment 3: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is not a
viable material for nuclear weapons and is generally not recognized as a
nuclear proliferation threat. But, plutonium-238 is a special nuclear material
(SNM); therefore it is rigorously protected against loss, theft, and sabotage
through a proven safeguard and security program. This includes, but not
limited to, physical protection countermeasures, and asset tracking and
control. Additional information can be found in DOE prepared documents
including the Nuclear Infrastructure PEIS (DOE/EIS-310, December 2000)
and the Draft EIS for the Proposed Consolidation of Nuclear Operations
Related to Production of Radioisotope Power Systems (DOE/EIS-0373D,
June 2005).

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful, scientific
purposes. The advanced RPS (MMRTG and SRG) are being developed by
NASA for use where necessary on peaceful scientific space exploration
missions.

Response to Comment S: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
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in the pipelines.

Alternatives

In view of the severe environmental consequences

of plutonium and the waste of taxpayer, human and
natural resources, the alternatives proposed are

unsatisfactory. All development of nuclear power
systems for space should be stopped.

We recommend moving the funds into alternative
non-nuclear power source research and development.
Alternative power sources for space missions are
feasible—especially in light of NASA’s need for
lower levels of electric power in future missions.
European Space Agency missions, e.g. Rosetta and
NASA”s own Stardust mission, were successful uses
of solar power technology far from the Sun.

Cost vs Human Needs

For many years, faith-based investors have
questioned the enormous human and environmental
costs of weapons production. We believe, and have
stated repeatedly, that global security will come
about only when there is justice for all through
human development and environmental and economic
sustainability.

We believe the responsibilities of the Department
of Energy and NASA include analyzing the effects
of their decisions on employees, communities,
nations and a sustainable environmental future.
Producing, assembling and launching highly
radioactive nuclear materials into space cannot be
jJjustified when reduced or no funding for
education, health care, environmental clean-up and
other social programs will enable the
Administration to pay corporations to expand use
of nuclear power for space missions.
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this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 6: Most NASA missions currently rely primarily
on solar energy for electrical power to operate spacecraft, and NASA
continues to conduct research and development to further improve solar
technology and other non-nuclear power technologies. Additionally, NASA
is aware of the solar technology research and development activities of other
agencies, both domestic and foreign. However, there are some NASA
science missions for which solar power or other non-nuclear power
technologies would not be adequate to meet mission requirements. A range
of power sources is considered for any NASA mission, and each power
source type is evaluated based upon a number of factors, including how well
it enables achieving the science and engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004 and
indeed uses advanced solar power technology. However, while Rosetta is at
its furthest distance from the Sun near the orbit of Jupiter (July 2011 through
January 2014) the spacecraft will be placed in hibernation. Even with its
advanced solar technology there will not be sufficient power generated by
the solar arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the sun
reached by the Stardust mission (between the orbits of Mars and Jupiter), it
is not necessarily the efficiency of the solar power technology, but rather, the
availability and intensity of sunlight that is a limiting factor in the ability to
use solar power technology.

Response to Comment 7: The U.S. Congress and the Administration
develop national budget priorities among the various Federal agencies based
on many considerations related to national interests and security. In
establishing its budget, NASA must identify those activities that will enable
it to meet the objectives for which it was created. Part of NASA’s mission is
to explore the solar system so that we may better understand our own planet.
NASA firmly believes that these advanced RPS technologies, if developed,
could provide an additional valuable tool that would enhance our ability to
explore and understand better the Universe and ultimately, humankind’s
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We urge NASA to suspend all work to produce,
purify, assemble, test and launch plutonium.

We believe the money, human and natural resources
would be better used if the Department of Energy
and NASA would direct them toward development of
alternative non-radioactive technologies for space
exploration.

Thank you for your attention.
Yours truly,

Sister Rose Marie Riley, OP

Sister Phyllis Schenk, OP

Sister Marcelline Koch, OP

Sister Karen Freund, OP

Sister Rebecca Ann Gemma, OP

Members of the Congregational Leadership Team,

Dominican Sisters of Springfield, IL
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past, present, and future.
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Submission from Michael J. Sackin

From: on behalf of Sackin,
M.J.

L 1

Sent: Monday, February 06, 2006 7:46 AM

To: rpseis@nasa.gov
Subject: No Radioisotope Power Systems (RPSs)
Hi,

No Radioisotope Power Systems (RPSs) at all,
please. Far too high a risk of catastrophic
pollution. Let"s look after the earth without
spreading the environmental trashing beyond.

Have you heard of climate change? That"s the
priority.

I understand that he DPEIS considers two
alternative plans. The misleadingly-named ''No
Action Alternative" would continue funding long-
term research and development of nuclear RPSs.
The "Proposed Action'™ would in addition develop
two new RPSs, the Multi-Mission Radioisotope
Thermoelectric Generator and the Stirling
Radioisotope Generator. Therefore, could you

recast the choices to allow one that is genuinely

a do nothing choice.

Michael J. Sackin,
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: The U.S. Congress and the Administration
develop national budget priorities among the various Federal agencies based
on many considerations related to national interests and security. In
establishing its budget, NASA must identify those activities that will enable
it to meet the objectives for which it was created. Part of NASA’s mission is
to explore the solar system so that we may better understand our own planet.
NASA firmly believes that these advanced RPS technologies, if developed,
could provide an additional valuable tool that would enhance our ability to
explore and understand better the Universe and ultimately, humankind’s
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past, present, and future.

Response to Comment 3: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.
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Submission from Gillian Sanderson

From: on behalf of
jill

L 1

Sent: Friday, February 03, 2006 6:06 PM

To: rpseis@nasa.gov

Subject: Dpeis comments

Owing to the past environmental disasters, the
appalling long life of radioactive waste, and
inadequate disposal security measures (e.g. In
Khazakstan and other nations) | implore you to
STOP ALL nuclear power programs. Please direct all
your considerable funds to Solar and other non-
toxic and beneficial energy sources.

Sincerely, Gillian Sanderson

Sent via BlackBerry on the Bell Mobility network
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: DOE is responsible for managing the safe
disposal of all wastes generated from RPS production. Additional
information can be found in DOE prepared documents including the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).
Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and in sections 4.1.4.

Response to Comment 3: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues
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to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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From: Response to Comment 1: The U.S. Congress and the Administration
develop national budget priorities among the various Federal agencies based
on many considerations related to national interests and security. In
establishing its budget, NASA must identify those activities that will enable
it to meet the objectives for which it was created. Part of NASA’s mission is
Subject: space exploration to explore the solar system so that we may better understand our own planet.
NASA firmly believes that these advanced RPS technologies, if developed,
could provide an additional valuable tool that would enhance our ability to
explore and understand better the Universe and ultimately, humankind’s

Sent: Saturday, February 04, 2006 3:02 PM

To: rpseis@nasa.gov

Considering how numerous and serious are the 1
problems of millions of people on planet earth, past, present, and future.
spending much-needed funds on space exploration is
a sin and should be a crime. Ann Schafer
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Submission from Jack Stiefel

From: on behalf of Nancy & Jack
Stiefel [ 1

Sent: Saturday, February 18, 2006 7:31 PM
To: rpseis@nasa.gov
Subject: DPEIS ON RPS*"S

Continuing and expanding space plutonium power
systems will lengthen the long list of
environmental destruction from plutonium. In
particular, the risk of a catastrophic release of
plutonium over a wide area at a launch-time
explosion is all too real.

In view of the severe environmental consequences
of plutonium, both the "No Action Alternative'and
the "Proposed Action' alternatives are
unsatisfactory and all development of nuclear
power systems for space should be stopped. The
entire program should be cancelled and funds
should be moved into alternative non-nuclear power
source research and development.

--Jack Stiefel
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3,4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
this FPEIS. NASA thanks you for your comments on the alternatives
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presented in this PEIS.

Response to Comment 3: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues
to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Byrna Weir

From:
weilr [ 1

Sent: Thursday, February 09, 2006 3:21 PM

on behalf of byrna

To: rpseis@nasa.gov

Subject: Draft environmental impact statement for
space: radioisotope power systems

Too many accidents and toxic contamination have
alrady occurred. Any continuation and expansion
of space plutonium power systems is too likely to
lead to environmental destruction from plutonium.
Because of the dangers involved, no alternative
plans are acceptable. All development of nuclear
power systems for space should be stopped.
Available funds should go into alternative non-
nuclear power source research and development.

Thank you,

Byrna Weir

Brings words and photos together (easily) with

PhotoMail - it"s free and works with Yahoo! Mail.
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues
to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
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research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Faith Wilcox

on behalf of Molly [ 1
Sent: Thursday, February 16, 2006 2:08 PM

From:

To: rpseis@nasa.gov
Subject: Comment on DPEIS for RPS development
To whom It may concern:

I write to comment on the Draft Programmatic
Environmental Impact Statement (DPEIS) for a NASA
program to develop two new kinds of Radioisotope
Power Systems (RPSs) for space missions. |
strongly oppose the development of both these
RPSs.

NASA and the Department of Energy already have
long records of accidents and toxic contamination,
from radioactive spills at production facilities
to space shuttle explosions. Continuing and
expanding space plutonium power systems will
greatly increase the potential of environmental
destruction from plutonium. Specifically, the
risk of a catastrophic release of plutonium over a
wide area at a launch-time explosion is all too
real.

The DPEIS considers two "alternative" plans which
are not alternatives at all. The misleadingly-
named ""No Action Alternative™ would continue
funding long-term research and development of
nuclear RPSs, and the '"Proposed Action" would
develop two new RPSs, the Multi-Mission
Radioisotope Thermoelectric Generator and the
Stirling Radioisotope Generator.

In view of the severe environmental consequences
of plutonium, both "alternatives™ are
unsatisfactory, and all development of nuclear
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Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: As required by the Council on Environmental
Quality NEPA implementing regulations at 40 CFR 1502.14(d), the No
Action alternative must be addressed in an EIS. CEQ guidance (46 Fed.
Reg. 18026 (1981) - Forty Most Asked Questions Concerning CEQ's
National Environmental Policy Act Regulations) defines the No Action
alternative as no change from current conditions and/or not implementing the
proposed action. The No Action alternative addressed in this PEIS is
consistent with CEQ’s definition. The option of developing only non-
nuclear power systems for space exploration is addressed in Section 2.4.3 of
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power systems for space should be stopped. 1 want
the entire program cancelled and funds moved into
alternative non-nuclear power source research and
development.

Alternative power sources for space missions are
practicable, with sufficient research and
development — all the more so in light of NASA’s
envisioning the need for lower levels of electric
power in future missions. European Space Agency
missions such as Rosetta, and NASA’s own Stardust
mission are examples of successful use of solar
power technology far from the Sun.

The DPEIS states that RPSs are being developed
"for NASA’s space exploration purposes and not for
military purposes'. But it is well known that
military applications are in the background.
example: "The primary driver for us to start
production [of plutonium-powered batteries] is for
national security requirements,” said Tim Frazier,
director of the energy department®s radioisotope
power systems program in Washington, D.C. "As to
what those national security applications are, |
would just prefer to say not in space.”
(Associated Press July 3, 2005)

For

Every expansion of the plutonium economy,
including research, development and transportation
of deadly materials over thousands of miles
increases the risk of nuclear accidents or theft.

I hope very much, for the planet"s safety, that
development of both these RPSs will be cancelled.

Sincerely,

Faith M. Willcox
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this FPEIS. NASA thanks you for your comments on the alternatives
presented in this PEIS.

Response to Comment 3: Most NASA missions currently rely primarily on
solar energy for electrical power to operate spacecraft, and NASA continues
to conduct research and development to further improve solar technology
and other non-nuclear power technologies. Additionally, NASA is aware of
the solar technology research and development activities of other agencies,
both domestic and foreign. However, there are some NASA science
missions for which solar power or other non-nuclear power technologies
would not be adequate to meet mission requirements. A range of power
sources is considered for any NASA mission, and each power source type is
evaluated based upon a number of factors, including how well it enables
achieving the science and engineering requirements of the mission.

While successful, the Rosetta mission illustrates some of the limitations
associated with the use of solar power for exploration missions. The
European Space Agency’s Rosetta mission was launched March 2, 2004 and
indeed uses advanced solar power technology. However, while Rosetta is at
its furthest distance from the Sun near the orbit of Jupiter (July 2011 through
January 2014) the spacecraft will be placed in hibernation. Even with its
advanced solar technology there will not be sufficient power generated by
the solar arrays to fully operate all spacecraft systems. In traveling to even
greater distances from the sun, beyond the farthest distance from the sun
reached by the Stardust mission (between the orbits of Mars and Jupiter), it
is not necessarily the efficiency of the solar power technology, but rather, the
availability and intensity of sunlight that is a limiting factor in the ability to
use solar power technology.

Response to Comment 4: NASA is the nation's civil space agency,
established by the National Air and Space Act of 1958. NASA space
missions and related research programs are conducted for peaceful, scientific
purposes. The advanced RPS (MMRTG and SRG) are being developed by
NASA for use where necessary on peaceful scientific space exploration
missions.

Response to Comment 5: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is a
special nuclear material (SNM); therefore it is rigorously protected against
loss, theft, and sabotage through a proven safeguard and security program.
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This includes, but not limited to, physical protection countermeasures, and
asset tracking and control. Additional information can be found in DOE
prepared documents including the Nuclear Infrastructure PEIS (DOE/EIS-
310, December 2000) and the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005).

DOE is responsible for all nuclear material transportation associated with
RPS production, including the safe transport of completed RPS units to
Kennedy Space Center. As with all Federal agencies, DOE is required by
law to comply with provisions of NEPA, CEQ regulations, and applicable
DOE Regulations. Transportation risks related to RPS production are
discussed in more detail in the Nuclear Infrastructure PEIS (DOE/EIS-310,
December 2000), and Finding of No Significant Impact and Final
Environmental Assessment for the Future Location of Heat
Source/Radioisotope Power System Assembly and Testing and Operations
Currently Located at the Mound Site (DOE/EA-1438, August 2002), the
Finding of No Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).
). Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.
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Submission from Sarah Williamson

From: on behalf of Sarah

Williamson
[sarah33705@hotmai l .com]
Sent: Sunday, February 19, 2006 5:59 PM

To: rpseis@nasa.gov

Subject: Draft Programmatic Environmental Impact
Statement (DPEIS)
I am writing today because 1 am very concerned 1

about the possible consequences of the proposed
Radioisotope Power Systems (RPSs). As there have
already been accidents that have resulted in toxic
contamination from radioactive spills at
production facilities, I feel that continuing and
expanding space plutonium power systems will only
serve to worsen the environmental destruction from
plutonium. In particular, 1 am very worried about
the possible release of plutonium over a wide area
at a launch-time explosion.

It is my hope that NASA will abandon the course of 2
nuclear production, instead moving towards safter
non-nuclear power source research and development.

Respectfully yours,

Sarah Williamson

Don’t just search. Find. Check out the new MSN
Search!
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Response to Comments

Response to Comment 1: The health and safety of workers, the public,
and the environment are a top priority of the RPS Program. The potential
health and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7
and 2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: NASA’s primary choice for spacecraft power
for planetary missions has historically been solar technology. NASA
continues to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct



research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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Submission from Olive Wilson

From: on behalf of olive
wilson [ 1

Sent: Saturday, February 11, 2006 9:14 PM
To: rpseis@nasa.gov

Subject: Plutonium in space

Every expansion of the plutonium economy,
including research development and transportation
of deadly materials, increases the risk of nuclear
accident or theft.

With sufficient research and development,
alternative power sources for space missions ARE
practicable.

PLEASE! NO PLUTONIUM IN SPACE!!

Olive Wilson
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Response to Comments

Response to Comment 1: The health and safety of workers, the public, and
the environment are a top priority of the RPS Program. The potential health
and safety impacts associated with RPS production at DOE facilities,
including information on worker safety and potential environmental impacts
associated with DOE’s RPS program, is addressed in DOE’s NEPA
documentation including; the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems
(DOE/EIS-0373D, June 2005). Information from DOE’s documentation
pertinent to the development of advanced RPS designs for use by NASA is
incorporated by reference into this FPEIS and summarized in Tables 2-7 and
2-8 and sections 4.1.3, 4.1.4, and 4.1.5.

NASA places the highest priority on the safe use of radioisotope power
systems and radioactive materials in its space activities. As indicated in
Section 4.1.7, future missions that would propose to carry an MMRTG or
SRG would be subject to both the NEPA process and a separate and
independent nuclear safety launch approval process. As part of the NASA
NEPA process, a mission specific risk assessment would be performed. The
nuclear safety launch approval process requires that a detailed Safety
Analysis Report be prepared by DOE and reviewed by an Interagency
Nuclear Safety Review Panel (INSRP). The INSRP prepares its own Safety
Evaluation Report (SER). The NASA Administrator considers the DOE
SAR and the INSRP SER and, if the Administrator decides to continue with
launch preparations, submits a request for nuclear safety launch approval to
the Director of the Office of Science and Technology Policy (OSTP). The
OSTP Director is authorized to render approval or forward the matter to the
President for a decision.

Response to Comment 2: DOE is responsible for the protection of its
assets which include the RPS and plutonium-238. Plutonium-238 is a
special nuclear material (SNM); therefore it is rigorously protected against
loss, theft, and sabotage through a proven safeguard and security program.
This includes, but not limited to, physical protection countermeasures, and
asset tracking and control. Additional information can be found in DOE
prepared documents including the Nuclear Infrastructure PEIS (DOE/EIS-
310, December 2000) and the Draft EIS for the Proposed Consolidation of
Nuclear Operations Related to Production of Radioisotope Power Systems



Submission from Olive Wilson

Response to Comments
(DOE/EIS-0373D, June 2005). .

DOE is responsible for all nuclear material transportation associated with
RPS production, including the safe transport of completed RPS units to
Kennedy Space Center. As with all Federal agencies, DOE is required by
law to comply with provisions of NEPA, CEQ regulations, and applicable
DOE Regulations. Transportation risks related to RPS production are
discussed in more detail in the Nuclear Infrastructure PEIS (DOE/EIS-310,
December 2000), and Finding of No Significant Impact and Final
Environmental Assessment for the Future Location of Heat
Source/Radioisotope Power System Assembly and Testing and Operations
Currently Located at the Mound Site (DOE/EA-1438, August 2002), the
Finding of No Significant Impact and the Environmental Assessment of the
Import of Russian Plutonium-238 (DOE/EA-0841, June 1993), and the Draft
EIS for the Proposed Consolidation of Nuclear Operations Related to
Production of Radioisotope Power Systems (DOE/EIS-0373D, June 2005).
Information from DOE’s documentation pertinent to the development of
advanced RPS designs for use by NASA is incorporated by reference into
this FPEIS and summarized in Tables 2-7 and 2-8 and sections 4.1.3 and
4.1.5.

Response to Comment 3: NASA’s primary choice for spacecraft power for
planetary missions has historically been solar technology. NASA continues
to utilize solar power technology when it is the best fit for mission
requirements. However, there are some NASA science missions for which
solar power or other non-nuclear power technologies would not be adequate
to meet mission requirements. A range of power sources is considered for
any NASA mission, and each power source type is evaluated based upon a
number of factors, including how well it enables achieving the science and
engineering requirements of the mission. NASA continues to conduct
research and development to further improve solar technology and other
non-nuclear power technologies. Additionally, NASA is aware of the solar
technology research and development activities of other agencies, both
domestic and foreign.
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